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scion: 250 : ' 
ADVERTISEMENT, — 


In publifhing the following tranflation of Fourcroy’s 
Elements of Chemiftry, I confider myfelf as merely 
the Editor; for unlefs where alteration$ or additions 
have been introduced into the prefent edition, I have 
adhered rigidly to the tranflation of Mr. Nicholfon. 
I was too well aware of the fuperiority of this fkilful 
chemift, and accurate tranflator, to believe I could 
improve upon his labours, and I was unwilling to lofe 
the advantage of following fo able a guide. 

To this edition I have prefixed the Philofophy of 
Chemiftry by the fame author; here alfo I have a- 
dopted an anonymous tranflatien, publifhed by John- 
fon of St. Paul’s Churchyard. This excellent little 
treatife will form, I am convinced, an ufeful introduc- 
tion to the large work, 

In one inftanee only, and that a trifling one, have 
1 ventured to alter the text. It is in the account 
which is given of Mr. Kirwan’s Mineralogy. The 
fecond edition of this work does not feem to have been 
known to Fourcroy ; and I was defirous to direct the 
attention of the young ftudent to the moft perfec 
fyftem of mineralogy which has yet appeared in the 
Englith language, | 


x ADVERTISEMENT. 


In compofing the notes, I have had it chiefly in 
view to exhibit a thort abftra@ of the moft interefting 
difcoveries and improvements which have been made 
in the {cience of chemiftry within the period of the 
daft twenty years, and to make accurate references, 
on every fubject of importance, to the various original 
memoirs, effays, and writings, from which farther in- 
formation may be derived. By intermixing in this 
manner the hiftory of modern chemiftry, with a work’ 
fo long and fo defervedly popular, I have endeavour- 
ed to affift thofe who may be defirous to profecute. 
this interefting {cience beyond the narrow limits of an 
 irebinee treatife. How far I have fucceeded in: 
~ thefe objects is now, with much deference, fubmitted’ 
to the judgment of an impartial public, 


Mint Crose, EpinsurGHy | OHN HO SON. 
Piatra JOHN THOMSON 
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N O {cience has ever been more generally purfued, 
or more attentively ftudied, than chemiftry has been, 
during the laft twelve years ; and never has any {cience 
made fuch rapid progrefs in fo fhort a period of time. 
From thefe two circumftances, a fifth edition of this 
work has become neceflary. The rapid fale of the | 
fecond edition, which was almoft entirely difpofed of * 
in lefs than eighteen months, did not leave me fo 
much time to beftow upon the third edition, as I 
had to improve and to enlarge the firft; the whole 
additions, therefore, made to the third edition did not 
amount to a fingle volume, while two additional vo- 
lumes have been given along with the fecond. Inthe 
fucceflive editions of an elementary treatife, which 
men of fcience, and an enlightened public, have fanc. 
tioned with their approbation, there muft indeed be a 
period when farther additions become improper, and 
when nothing remains but to review and corre¢ét it with 
care. To this ftate my work was brought, in my own 
opinion, in the third edition. The new difcoveries made 
after the year 1786 would have added little to the fize 
of that edition, had I not, by the advice of fome well 
informed friends, and in confequence of obferving the 
impreffion which my work made upon beginners, 
thought it my duty to recompofe and to enlarge feve- 
ral of the chapters in the hiftory of faline fubftances, 
of fome of the metals, and of feveral of the immediate 
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principles of vegetable and animal bodies. In this 
fifth edition, the faéts added to the third edition are 
by no means fo numerous as thofe formerly added to 
the fecond; they occupy in all but a few pages; fo 

that this ge like the third, is Bite la in five 
volumes, 

When in the year 1780 and 1781 I ier up an ab! 
ftract of the facts which then conftituted the {eience 
of chemiftry, to ferve as a fyllabus to my le¢tures ol. 
lowed the’arrangement which I had adopted in my idee | 
tures, and of which the experience of feveral years had 
taught me the advantages. The unexpected fucceis 
6f that work determined me to follow the fame plan 
in the fecond edition, publifthed about feven years ago. 
The continuance of the fame favourable reception, by 
a learned and inquifitive public, the preference which 
the rapid fale and various tranflations authorife me to 
fay has been given to my elements in the ftudy of 
chemiftry, have imprefled it on me as a duty not to 
change the general arrangement which was adopted | 
in the firft edition. To alter that arrangement, after 
having been fo long accuftomed to it, would be to 
form anew work. I will not deny, however, that it 


is now perhaps necefiary to change this arrangement ; 


the acquifition of more correct knowledge, ‘the intro. 
duction of jufter and more conclufive modes of reafon- 


ing, and the numerous and accurate experiments. with 


which chemiftry has been enriched fince the publica. 
tion of the firft edition, require» that thefe elements 


fhould be arranged on a plan fomewhat different from — 


that which I originally adopted. In this new atrange- 
ment, the hiftory of all combuftible fubftances, -fuch 
as fulphur, carbon, metals, &c. fhould be placed be- 
fore that of acids or of falts, feveral of which are 
either bodies that have been burned, or compounds 
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formed from combuftible bodies. In this way we 
fhould proceed from the fimple to the compound; 
we fhould not then feparate the acids of one kingdom 
from thofe of the other two, and we fhould referve for 
difting& chapters the differences which exift between 
oe of organic bodies, and thofe of minerals. 
I have exhibited a {ketch of this new elementary me- 
thod, in my courfe of chemiftry intended for ladies, — 
and the pupils of the veterinary {chool. But although 
this laft plan of arrangement ought, in my opinion, to 
direct the train of our ideas in the ftudy of chemittry, 
yet that which I have followed in the different: edi- 
tions of this work is not without its advantages. It 
requires indeed greater efforts of the mind; but even 
this is perhaps favourable to improvement. It exhibits 
the fame facts under two different forms; it obliges 
the mind to reconfider the fame phenomena in diffe- 
rent lights, and to conceive more diftinGtly their mu- 
tual relations. 

I may obferve, that the theory laid down in the 
third edition of thefe elements, differed effentially from 
that in the two former. In them, I acted merely as 
the hiftorian of the different opinions which had hi- 
therto prevailed among chemitts. ' In the third, though 
I did not entirely quit this character, and although f 
‘explained the principle theories which had been pro- 
pofed, yet I took a decided part, and adopted com- 
pletely the doétrine which fome philofophers have cal- 
led the pneumatic or antipblogiftic. In this fifth edi- 
tion, my opinions are {till more ftrongly exprefled, be- 
caufe my conviction of the truth of the pneumatic 
doétrine i is more firmly eftablifhed. I hope that thofe 
who {hall ftudy thefe elements attentively, and with- 
out prejudice, will find that this do@trine differs from 
all the chemical theories which have fucceeded each 
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other in framing no fuppofitions, in admitting no-hys — 
pothetical principles, and in confifting merely in a 
fimple relation of facts. I think I may venture to af 
fert, that the philofophers who have not yet entirely 
adopted this doctrine, and particularly thofe who have 
oppofed it with undue warmth, have not completely | 
underftood our opinions. ‘They do not feem: to be.a- 
ware that the bafis of our opinions, the foundation 
upon which our principles reft, is not to be compared 
with what has been termed theory in phyfics ; that 
in our fyftem we do nothing but deduce obvious con- 
clufions from a great variety of facts; that. we admit 
nothing which has not been demonftrated by experi- 
ment, aud that as we reject every hypothefis, it is in 
poflible we can commit miftakes fimilar to. thofe i in- 
to which the learned authors of different fyftems of 
phyfics have fallen. Either I am much deceived, as 
well as thofe modern chemifts to whom we owe fo 
many ingenious difcoveries, or the rifing generation 
who are now employed in ftudying the iciences will 
renounce, as we have done, thole hypothefes which 
have been {fo long agitated in the {chools, and confine 
themfelves entirely to the refults of experiments. 

_ The modern chemical theory which has been deno- 
minated the pneumatic, and from which, phlogifton 
has been entirely excluded, daily acquires new con- 
verts. It is now fo generally admitted, that more than 
three fourths of thofe who profecute the ftudy of che- 
miftry, and particularly of thofe who teach it, have 
adopted it. Two of the moft diftinguifhed chemifts 
in Europe, Dr. Black and Mr. Kirwan, after having — 
examined the new doctrine of the French chemitts 
with the greateft care, and after having oppofed it for 
ten years, have now adopted it with that candour fo 
becoming men of true fcience. ‘“ At length?’ fays 
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Mr. Kirwan, in a letter to Berthollet, dated 26th Ja- 
nuary laft, “ Llay down my arms and abandon the 
“ caufe of phlogifton. I fee clearly that there is no 
“ well attefted experiment which proves the produc- 
“ tion of fixed air from pure inflammable air. This 
« being the cafe, it is impoffible to prove the prefence 
of phlogifton in the metals, fulphur, &c. Without 
-& decifive experiments, we cannot fupport a doctrine 
_ “ jn oppofition to well eftablifhed fats. I fhall, my- 
“ felf, oad a refutation of my own eflay on ae 
“ gifton.” 

Dr. Black exprefles himfelf in the following man- 
ner, in a letter to Lavoifier: ‘‘ You have heard, that 
“in my lectures I endeavour to explain to my pu- 
“A pils, the facts and principles of the new dodtrine 
«‘ which you have fo fortunately difcovered, and that 
*« I begin to recommend it to them as being more 
“ fimple, more confiftent, and better fupported by 
« fads than the old theory. And how could I do 
«¢ otherwife? The numerous experiments which you 
have made upon a great fceale, and which you have 
fo happily contrived, have been conduéted with 
fuch care and fuch {crupulous attention to all the 
circcumftances, that nothing can be more fatisfac- 
tory than the proofs you have produced. The fyf- 
“¢ tem you have founded on thefe fas is fo intimate- 
«« ly connected with them, {fo fimple and fo eafily un- 
“« derftood, that it muft every day be approved of 
“* more and more, and will be adopted by a great | 
_ number of chemifts who have long been accuftom- 
ed to the old theory. You mutt not, however, ex- 
pect to convince every perfon. You know well that 
habit enflaves the minds of moft men, and makes 

them believe and revere the groffeft abfurdities, I 
_“ mutt confefs to you, that I have myfelf experienced 
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“its effeds. \ Having been accuftomed for the {pacé 

of thirty years to believe and to teach ‘the do@ring 
t of phlogifton as it was generally undérftood before 
“ the difcovery of your fyftem, I long entertained a 
“ diflike to this fyftem which reprefents: as abfurd a 
ee. doétrine which I had confidered as. fully eftablithec 1k 

“ This diflike, however, which depended entirely on @ 
* the power of habit, has been gradually overcome by — 
“ the clearnefs of your demonttrations and the folidity 
‘* of your plan. Although there be in every theory 
“« fome particular faéts which it is difficult to explain, 
* yet 1am convinced your fyftem is infinitely bétter 
* founded than the old; and cannot in this view fuffer 
* by a comparifon. But though habit may prevent the 
* older chemifts from adopting your ideas, the young 
* will not be influenced by the fame caufe; they will 
* all range themfelves under your ftandard. We have © 
already experienced this in the Univerfity of Edin- 
‘«* burgh, where the ftudents are allowed the fulleft lt: 
** berty in the choice of their opinions in fcience. +Tn 
“« general, they embrace bi fyftem and beans to 
« ufe the new nomenclature.” 

It cannot then be faid that the athiphiadliden dow. 
trine is not received, or that it has few partizans, fince 
it has been adopted by the greateft number of the 
moft celebrated philofophers and teachers of chemiftry j 
in Europe, fince almoft all thofe of France teach it in 
their leGtures, and fince, in oppofition to the twelve or 
fifteen chemifts in Europe who continue to reject this 
doctrine, there are at leaft fifty philofophers and teach _ 
ers of chemiftry who make it the bafis of their writin re 
and lectures.” How, indeed, could a fyftem fail to ftrike 
every ingenuous mind with its beauty and perfpicuity, 
which admits no hypothefis, which exhibits only the . 
refult of fact, and which explains the greater part of 
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the phenomena of nature and of art with a fimplicity 
and eafe unexampled i in the older fyftems of phyfics? 
How could experiments fo accurate, and repeated with 
fuch care, and a mode of reafoning fo juft, fail to pro- 
duce. conviction in impartial minds? 

Tf we read. without prejudice the hiftory of modern 
chemiftry, if we perufe with {trict attention the wri- 
tings ‘and differtations publifhed within the laft ten 
years againft the antiphlogittic doctrine, we fhall foon 
perceive that the chemifts who oppofe this doétrine 
may be divided into two clafles. One clafs does not 
underftand the bafis of this dodtrine, and appears to 
be even ignorant of the feries of experiments on which 
it is founded *, Such men it is in vain to oppofe or 


* M. Baumé has publithed at the end of the new edition of his Elements 
of Pharmacy, an appendix, exprefsly intended to declare his oppofition to 
the new doétrine, to deny the decompofition of water, and to cry down 
the new nomenclature. He fhows, unfortunately, in almoft every line, 
that he does not underftand the doftrine which he calumniates, that he 
has not repeated any of the accurate experiments on which it is found- 
ed, and that he is by no means well acquainted with the prefent ftate 
of modern phyfics. 'Thofe who remember the bad fuccefs of the ex- 
periments and opinions of M. Baumé with regard to the converfion of 
filex into argil by fufion with alkalis, the production of boracic acid 
from fat and clay, the {pontaneous irreducibility of the precipitate per 
fe, the preparation of ethers, of Starkey’s foap, metallic falts with an 
excefs of bafe, fulphuric falts with an excefs of acid, &c. &c. will be 
able to judge how far the works of fuch authors deferve to be refuted. 

The fingular objections to the pneumatic dodirine by Monnet, to 
whom this feience was fo much indebted before the difcovery of the 
gales, are, if poffible, ftill more aftonifhing. Without having, it would 

. appear, ever ftudied the modern chemiftry, without having acquired a 
fufficient knowledge of the new experiments and proceffes which it ex- 
hibits, he animadverts with warmth, and even with acrimony, againft 
Scheele, whofe numerous and valuable difcoveries have been confirmed 
by all the other chemifts. In {peaking of the oxalic acid, the oxyge- 
nated muriatic acid, and the arfenical acid, he tells us that he has never 
feen them, that he has never been able to obtain them ; he has the af 


Vol. I. b 


SND THE AUTHOR’S PREFACE. 


to attempt to convince. The long habit of making 

inaccurate and inconclufive experiments in chemiftry, 
and paiticularly the ftrength of old opinions, totally 
incapacitate them for underitanding any thing which 
is new. The other clafs, who feem to be influenced | 
by the fpirit of party, are more to be dreaded ; they 

are acquainted with the experiments of the moderns, 

and fay they have repeated them; they have them- | 
felves made difcoveries in the new chemiftry ; they 
attack the antiphlogiftic do@trine with weapons in ap- 
pearance more formidable than thofe of the firft clafs. 
They differ from the antiphlogiftians only in their ex- 
planations and the mode of reafoning they employ. 

Inftead of going directly to their object, they follow a 
long and circuitous path. What proves that they are 
not in the true road to truth, is, that each phlogiftian 
has framed a particular theory of his own, which, has 


furance to fay, that thefe acids do not exift, that all the pneumatic 
chemifts are miftaken, and that their fyftem is not tenable: Yet, in 
reading the diflertation againft the pneumatic chemiftry, inferted in 
the fourth volume of the Memoirs of the Academy of Turin, it will be 
eafy to fee that he has not underftood the opinions of the modern che- — 
mifts, that he has not comprehended the whole of their doftrine, and, 
what is worfe, that he has made no experiment with accuracy, and. 
with the neceflary precautions for obtaining thofe refults which he 
wifhes to repel. In fhort, with his manner of operating, and with his 
apparent contempt for the calculation of proportions in chemical ana- 
lyfis, it was impoffible for him to appreciate the value of modern difco- 
veries ; and he denies their exiftence, becaufe he failed in repeating the 
experiments on which they are founded. We have only to requeft thofe , 
who have ftudied modern chemiftry to read with attention the works 
which have juft been quoted, and judge for themfelves of the ftrength 
of the objections which thefe authots have propofed. They will foon 
‘be convinced of the truth of our affertions, and will not fail to per- 
ceive why, in fpite of fo much oppofition, the modern doétrine daily 
obtains new partifans, and why it reckons among the number of its de- 
fenders three-fourths of the es diftinguifhed philofophers in Europe. 
Note of the Author. 
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little or no relation to any other theory; fo that there 
are now nearly as many theories, as many different 
kinds of phlogifton, as there are defenders of phlo- 
gifton. | 

. The philofophers who adopt the pneumatic theory. 
are not only more numerous, but have befides the ad- 
vantage of agreeing among themfelves. This alone 
ought to weigh decifively with thofe who are entering 
upon the ftudy of chemiftry, if they are not yet qua- 
lified to decide for themfelves, nor to form an opinion 
from their own inveftigation. 
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Ix proportion to the advancement made by any fcience, in pro 
portion to the methodical arrangements it acquires to facilitate 
its progrefs, will its general truths be multiplied ;—fuch is the 
prefent ftate of Chemiftry. The principles of this fcience have 
been created but a few years, and already is it rich in corollaries 
_ or general refults, in which are included all its parts. A feries 
of thefe refults may be highly ufeful. For twelve years I have 
been conftantly employed in inveftigating this feries; and I have 
often given a fketch of it in my lectures, particularly in thofe I 
deliver annually at the conclufion of my general and detailed 
courfe of Chemiftry. While enumerating the phenomena that 
the known elaftic fluids difplay in their evolution, in their fixa« 
tion, and in their influence on the operations of nature and art, 
I take occafion to review all the fundamental truths of the {cience; 
and from their furvey a picture is exhibited, which recals to the 
memory all the changes of which natural bodies are fufceptible 
in their reciprocal attractions. But in combining thefe capital 
truths, it is evident that great difcernment is neceffary to fele& 
thofe which are the moft general, which comprehend all the par- 
ticular facts, and from which they may be deduced as corollaries 
or immediate confequences. It is neceflary alfo that they be ex- 
prefied clearly and accurately, without ambiguity, and without 
‘ doubt ; that their number be not too much increafed, yet fuffi- 
ciently fo as to include every fa&t of importance; and, laftly, that 
they be arranged in fuch an order, and follow one another in a 
feries fo natural, as to exhibit the elements of the fcience, and 
Vol. I. A 
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to difplay its reciprocal relations and dependencies. Such are the 
ideas I had formed, and by which I have been guided in the in- 
veftigation of thefe truths. I conceived that they might ferve to 
eftablifh a complete fyftem of Chemiftry, which, fertile in its: 
applications as well as in.its principles, might recal to the adept 
all the facts which form the immenfe domain of chemical {cience, 
and give to him who feeks information a competent idea of the 
career through which he has to run. | 

It appeared to me that, in order to accomplifh this obje& pro- 
perly, it would not be fufficient to exhibit a feries of uninter- 
rupted propofitions, without connection, and without ‘coherence 3 
but rather to unite them by general relations, in giving to them 
an arrangement which might enable the reader to difcover and 
appreciate their conneétion, and, if I may ufe the expreffion, © 
their reciprocal reaction. This is what I term the Philofophy of 
Chemiftry. All the propofitions of which it confifts have already 
been publifhed in the chemical department of the learn 
under the article Axioms. ‘eS 

It might be ufeful, I conceived, to the lovers of his {cience, 
to publith them feparately, and in a more convenient form. The 
- fuccefs attending the firft edition of the Philofophy of Chemiftry 
has induced me to publifh a fecond. In it there are a few alter- 
ations and fome flight corrections, with fcarcely any additions. 
The nature of the work does not admit of them, unlefs the fci- 
ence fhall receive’ great acceffions, and become enriched with 
new and.important difcoveries. | 
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Au. the facts and experiments of chemiftry may be referred to 
the twelve following general phenomena: 
_ 4. The action of light. 
2. The aétion of caloric. 
3. The action of air in combuftion. 
4. The nature and action of water. 
5. The nature and action of earths, and the formation of 
alkalis, with the parts they perform in combinations. — 
6. The nature and properties of combuttible bodies. 
7. The formation and decompofition of acids. 
8. The union of acids with earths and alkalis. 
g. The oxydation and diffolution of. metals. 
1o. The nature and formation of vegetable fubftances. 
11. The tranfition of vegetables to the ftate of animal mat- 
ter, and the nature of the latter. 
12. Finally, the fpontaneous decompofition of vegetable and 
animal fubftances. 

Thefe twelve heads may be confidered as the titles of fo many 
chapters, to each of which thofe different articles of detail be- 
long, that have a direct relation to the head, and which, all taken 
together, include the whole of the dotrines of chemiftry. 


CHAPTER I. 
THE ACTION OF LIGHT. 


I. Licur, whether it come from the fun and fixed ftars, or be. . 
diffufed throughout fpace, is modified in four different ways with 
regard to the bodies with which it-comes into contact: Either it. 
is reflected entirely from their furfaces to our eyes, and excites 
the fenfation of whitenefs ; or it is decompofed, and fome of its 
parts only are reflected, whence arife different colours; or it is 
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more or lefs completely abforbed, and produces blacknefs; or, 
laftly, it pafles through bodies, deviating more or lefs from its 
courfe, by approaching the perpendicular, and this conftitutes tran{- 
parency. | 

II. In its paflage through tranfparent bodies, it experiences a 
refraction, the degree of which is in a dire€t ratio to the denfity 
of the body, if incombuftible, but increafing in proportion to the 
combutftibility of ‘the body through which it pafles. Hence New- 
ton divined the combuftibility of the ami ge and se Teukeavs 
of a combutftible principle in water. | 

Til. Light, in refracting, is decompofed into feven rays 3 pres, 
orange, yellow, green, blue; indigo, and violet. It has been fup- 
pofed, that three of thefe colours, the red, yellow, and blue, 
were fimple; and that the other four were formed each of the 
two contiguous to them; that is, the orange from the red and 
yellow, the green from the yellow and blue, the indigo from the 
blue and violet, and the violet from the red and indigo. But this 
fuppofition has never been proved. The decompofition effected 
by means of the prifm, is a fort of analyfis of light. 
IV. Light alfo a&s chemically on fubftances, occafioning de- 
compofitions and combinations. This we infer from the differ- 
ence exhibited by bodies immerfed in light, from the fame de- 
‘prived of this element. The former become in general coloured, 
volatile, and inflammable ; the latter have the oppofite qualities. 

V. Thus, by the contaé& of light, fome acids are decompoted 5 
many falts change their nature ; the oxyds of metals in general 
re-approach the metallic ftate : snd vegetables acquire colour, and 
become fapid and inflammable; deprived of light, they remain 
pale and infipid, and are what we call etiolated. 

VI. Thefe general effe€ts are almoft always owing to this cir- 
cumftance, that light deprives burnt bodies of the principle they 
 abforbed in burning, fo that from incombuftible, which they had 
become, they return to the combuftible ftate. It may be faid, 
that light generally anburns burnt fubftances. 


Application of the preceding Propofitions. 
_ The colours of bodies. 
‘Tranfparency. 
Opacity. 
- Brilliancy. © 
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Simple and double refraction. 

Metallic luftre. 

The decompofition of acids, and of metallic oxyds. 

Decombuttion. 

The alteration of the colours of minerals. 

Vegetation. 

The decompofition of water by the leaves of plants. 

The renovation of the vital air of the atmofphere. 

The formation of oils. 

The difference between the vegetables of hot climates, and 
thofe of temperate ones, &c. 


CHAPTER II. 


THE ACTION OF CALORIC. 


1. Wuar we call Aeat is a fenfation produced by a fubftance 
to which modern chemifts have given the appellation of caloric. 
When caloric is applied to our fyftem in a greater proportion than 
it already contains, the fyftem is warmed, and the fenfation of 
heat produced. ‘When, on the contrary, a fubftance of a lower 
temperature than our fy{tem is applied to it, we feel the fenfation 
of cold, becaufe we then lofe caloric. 

If. Caloric penetrates all bodies ; it feparates their particles by 
lodging between them, and diminifhes their attraCtion; it di- 
lates bodies, it liquifies folids, and rarifies liquids to fuch a de- 
gree, as to render them invifible, give them the form of air, and 
convert them into elaftic, compreflible, aeriform fluids. Hence 
it follows, that liquids are combinations of folids with caloric, 
and that gafes are folutions of different bodies in caloric, which 

of itfelf is the moft attenuate, fubtile, light, and elaftic of all 
natural fubftances ; accordingly its weight cannot be eftimated. 

Ili. While caloric feparates the particles of bodies, and di- 
minifhes their attraction for each other, it proportionally aug- 
ments their attraction for the particles of adjacent bodies. For 
this reafon it is fuccefsfully employed to produce combinations, 
and facilitate: reciprocal unions. Hence the axiom, corpora non 
agunt, nifi foluta, bodies do not act, unlefs they be diffolved. 

IV. Every particular body differing from others both .in the 
form of its particles and their feparation from each other, ree 
A ny 
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quires a different quantity of caloric to raife it to the fame tem- 
perature ; thts is what is called the capacity of bodies for caloric. 
From this it follows, that different bodies, at the fame tempera- 
ture, or indicating the fame degree of the thermometer, really con- 
tain different quantities of caloric. ; 

V. This different quantity of caloric contained in bodies raifed 
to the fame temperature, which is with propriety termed /pecific 
caloric, being incapable of being meafured by the thermometer, 
a mode of afcertaining it has been invented, by means of the 
quantity of ice which bodies at an equal temperature will diffolve 
in defcending to the fame degree. The difference of the quan- 
tity diffolved, gives the proportion of caloric contained in the 
feveral bodies, and the inftrument employed to afcertain this 
difference is called a calorimeter. 

VI. All: the experiments made by the modern philofophers, 
who have inveftigated the theory of caloric, prove, that bodies, in 
changing their ftate, change alfo their capacity. We call change 
of ftate in bodies, their becoming folid, liquid, or elaftic fluid. 
Hence it follows, that by mixing two folid bodies at different 


temperatures, incapable of combining together, a mean of the 


two temperatures will be obtained, if their capacities be equal ; 


but if their capacities be’ unequal, the temperature of the mix- 


ture will deviate more or lefs from the mean, and the difference 
will indicate the reciprocal capacities of the two bodies. 

VII. The preceding phenomena fhow, that caloric has different 
attraCtions, or different degrees of aflinity for different bodies. 
In all combinations, therefore, this varying attraction of caloric 
fhould be attentively calculated. 

VIII. When bedies unite, either they lofe caloric, which indi- 
cates, that the new compound contains lefs than its component 
parts ; and in this cafe the operation renders heat perceptible to our 
organs, and the temperature of the mixture is increafed, which 
commonly takes place in our experiments: Or the bodies which 
combine abforb caloric, and the new compound contains more 


heat than its component parts did feparately; and then, when 


the combination takes place, the mixture grows cold, the caloric, 
which was at liberty between its particles, unites with them more 
clofely, and they even take fome from contiguous bodies. 

IX. Sometimes caloric adheres fo forcibly to bodies, that it 
prevents their combining with others. Thus many diffolved into 
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gas, or elaftic fluid, unite neither with other bodies, nor with one 
another, as long as they retain this ftate of invifible folution in 
caloric; fo that recourfe muft be had to double attractions to 
effet their combination. 
X. The attraction of caloric for fome fubftances, is fo great, 
that it is very frequently employed with advantage for feparating 
thefe fubftances from the compounds into which they enter, and 
for analyfing or decompofing compound bodies. ‘This is what 
we do in diftillation, and in all the decompofitions effetted by 
means of fire alone, or caloric, applied to very compound fub- 
ftances. ‘The different elements of thefe compounds are (gradu- 
ally diffolved in the order of their folubility in caloric, and fepa- 
rated in the ftate of vapour or gas. 
XI. Light, applied at the fame time with caloric, frequently 
affifts its ation, or has its aCtion affifted by it. Hence, tranf- 
‘parent veflels employed in furnaces are extremely ufeful to che- 
mifts, by tranfmitting light and calorie at the fame time. A fi- 
milar effet is produced, by penetrating opake veflels fo tho- 
roughly with caloric, as to make them red-hot, or render them 
permeable to light. 
XIU. There are bodies which abforb caloric much more f{peedi- 
ly than others; this is called the property of conduéting caloric. 
In general thofe bodies which are moft coloured are the beft con- 
ductors. The caufe of this phenomenon is unknown. 
_ XMM. All thefe facts prove, that caloric is a particular fub- 

{tance, and not a modification of all fubftances, as fome naturel 
philofophers have imagined ; and it is far from having been fhown 
to be the fame thing with light; for the farther we advance in 
the {cience of phyfics, the greater differences appear in the action 
of thefe two fubftances. 


Application of the preceding Axioms. 


The dilitation of folids, and the rarefaction of fluids. 
Thermometers. 

Fufion. 

Sublimation and volatilization. 

The calorimeter, and tables of the f{pecific heat of bodies. 
The changes of temperature in different mixtures. 
Artificial refrigeration. 


The production of gafes, and their fixatie. 
A iiij 
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Diftillation at different aon 
Incandefcence. 3 
The different conductors of éaloric. | 
The attractions of caloric. — 


CHAPTER III. 
8 THE ACTION OF THE AIR. 

a, i ri ait Bis in a sbiledtinsa mafs on all asta Hbitiek by, 
its weight, moifture or drynefs, temperature, &c. Accordingly 
experiments of fynthefis or analyfis, made in contaé&t with the 
-air, differ confiderably from thofe which are performed in a va- 
cuum, and it is always neceflary to afcertain the ftate of the ba- 
rometer, thermometer, and hygrometer, in chemical experiments. 

IL. The atmofphere is a vaft laboratory, in which nature ope-. 
rates immenfe analyfes, folutions, precipitations, and combina- 
tions: It is a grand receiver, in which all the attenuated and vo-. 
latilized productions of terreftrial bodies are received, mingled, | 
agitated, combined, and feparated. Confidered in this view, the 
atmofpheric air is a chaos, an indeterminate mixture of mineral 
vapours, vegetable and animal molecules, feeds, and eggs, which 
the luminous, caloric, and electric fluids are pervading and tra- 
verfing continually. The grand changes it experiences, and of 
which we are fenfible in extenfive fpaces by. the appearance of 
water, light, free caloric, or noife, are called meteors: - 

IIL, Notwithftanding this mixture, of which it feems impoffi- 
ble for us to afcertain the nature, the atmofpheric air is fenfibly 
the fame with regard to its intimate qualities, wherever: we exe 
amine it; and it is decidedly marked by its two properties of. 
fupporting refpiration and combuftion. The clofeft analogy fub- 
fifting between thefe two grand phenomena, from a careful ftudy 
of what paffes in Sombuiicn we may acquire a knowledge of 39 
air. 

Iv. A combotible body cannot. burn ee the catia: of 
atmofpheric air, or a certain matter extracted from it. Thus com- 
buftion cannot take place in a vacuum. | 

V. A combuftible body cannot burn in a given quantity of at- 
-mofpheric air, beyond a certain period. - A hundred parts of 
this air contain ely twenty-feven capable of fupporting com= 


‘PHILOSOPHY OF CHEMISTRY. 9 


buftion 5 ; when thefe twenty-feven parts have been abforbed by 

ithe combuftible body, the cointuiion ceafes, as the other feven- 

' *:tyethree-parts cannot any way contribute to its fupport. Hence 
‘it appears, that atmofpheric air is a compound of two different 
fubftances, fetting afide a few matters foreign to it, which are 
mingled with it, but amount not to more than a hundredth part 
of its bulk. Of thefe two fubftances, one fupports refpiration 

_ and combuftion : This is termed vital air ; the other is the reverfe 
of it in both thefe refpeéts, and is called azotic gas. 

VI. Thus a body burning in the air effets a real analyfis of 
this fluid. It feparates from it and abforbs the vital air, which 
augments the weight and changes the nature of the burning body. 
The azotic gas which remains is lighter than the atmofpheric air, 
extinguifhes bodies in combuftion, and kills animals. .It is alfo 
one of the conftituent principles of feveral compounds, as we 
fhall fee farther on} particularly of ammoniac, or volatile alkali, 
the acid of nitre, and animal fubftances. 

VII. A combuttible body which hag burnt in sient air, 
and abforbed all the vital air to which, it i is capable of uniting, 
can burn no longer in a frefh quantity of air: It has become in- 
combuflible, and frequently faline. 

VIII. A body burning in atmofpheric air never abforbs com- 
pletely the twenty-feven hundredth parts of vital air it contains. 
‘To make a perfect analyfis of the atmofpheric air, and diveft it 

entirely of this fluid, combuftible bodies muit be burnt in it re- 
peated times. 

IX. The portion of air thus abforbed by combuftible bodies, 
called above vital air, is alfo named oxygen gas. The former 
name is derived from its being the only elaftic fluid capable of 
fupporting life: The latter is given it, becaufe many bodies on 
abforbing it are rendered acid. 

X. Combuftion then confifts in the fixation and abforption of 
vital air by combuftible bodies, and the decompofition of the 
atmofpheric air by thefe bodies. _ As the vital air only ferves to 
fupport combuttion, it is eafy to conceive, that a very combuttible 
body, capable of abforbing the whole of the vital air, may be em- 
ployed to determine the proportion of the two atmofpheric fluids: 
Thus phofphorus is now uted: for the purpofe of exdiometry, or to 
difcover the purity of the atmofphere, that is to fay, the propor- 
tion of this vital air which it contains. 
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XI. As vital air is a gas, and many combuftible bodies, when 
they abforb it, render it fixed, and caufe it to aflume the folid 
form, the vital air, when it is thus precipitated, lofes the caloric, 
which held it in a ftate of folution, and gave it the elaftic fluid 
form: Hence the origin of the caloric difengaged, or of the heat 
produced, during combutftion. 
_ XII. Combuttible bodies differ from each other, firft, In the 
rapidity with which they abforb oxygen; 2dly, In the quantity of 
it they abforb ; 3dly, In the proportion of caloric which they dif- 
engage from the oxygen abforbed ; and, by confequence, 4thly, _ 
In the greater or lefs degree of folidity of the oxygen they contain 
after being burnt. 

XIII. Burnt bodies, then, may be defined to be bodies combined 
with oxygen: Accordingly they are termed oxygenated, or oxy- 
dated fubftances : And as the greater number of known bodies 
are either combuftible, or already burnt, we may be allowed to 
fufpect, that many incombuftible natural bodies, with the com- 
pofition of which we are unacquainted, are incombutftible folely 
from being faturated with oxygen. With regard to fome in this 

predicament, this conje€ture has already been verified. 

XIV. From feveral of the preceding axioms, it follows, that, 
~ when we burn a combuiftible body in order to procure heat, as 
we do to mitigate the rigours of winter, we obtain at leaft the. 
greater part of the caloric from the air itfelf, with which it was 
combined. We may even affert, that the colder the air, the 
more heat is derived from it; becaufe, when the atmofphere is 
_extremely cold, more air pafles into the fire in a given bulk. In- 
deed, it is well known, that the fire in our grates is much more 
fcorching, and burns much more brifkly, when the air fuddenly 
becomes cold ; and the art of increafing combuftion by means of 
condenfed air thrown from a pair of bellows on wood already 
heated, is founded on this principle. 

XV. Combuftion, then, is not confined to the decompofition 
of atmofpheric air by abforbing one of its principles ; for it alfo 
decompofes the vital air, by abforbing, fixing, and rendering 
more or lefs folid, in the combuftible body, the oxygen, or bafe 
of the vital air, and difengaging the folvent of this bafe, caloric, 
in greater or lefs quantity. . 

XVI. There is another interefting phenomenon in combuftion, 
which modern chemiftry is able to explain: That of the difen- 
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gagement of light, ‘or the produdtion of flame. It is demon- 
ftrated, that the.greater part of the light which cont{titutes flame 
is contained in the vital air, of which it is one of the principles : 
For, rit, Combuftible bodies afford much more flame. when they 
burn in vital air alone, than in atmofpheric air: 2dly, There are 
combuftible bodies which do not burn with flame except in vital 
air: 3dly, To difengage the oxygen from bodies which contain it, 
and convert it into vital air, it is not fufficient to diffolve it ina 
‘greater or lefs quantity of caloric, but it is neceflary at the fame 
time to add light: 4thly, There are burnt bodies which lofe their 
oxygen on the contaét of light alone: In this fenfe we muft un- 
derftand the property of unburning and decombuftion, mentioned 
as a chara¢teriftic of light in the firft chapter. 

XVII. Vital air, therefore, is to be confidered as a compound 
of a folidifiable, ponderous, acidifying bafe, oxygen, diffolved in 
two menftrua, caloric, and light, which of themfelves are ex- 
tremely attenuate, highly elaftic, and deftitute of affignable 
weight. Combuftion confifts in a more or lefs complete preci- 
pitation of the oxygen of thefe two menftrua. 

XVIII. Thus, a combuftible body, in burning, difengages 
from vital air, not only caloric, but alfo light; and every com- 
buftible body difengages a different quantity of light from the 
vital air, as it does of caloric. It is probable that there are com- 
buftible bodies which feparate from vital air more light than ca- 
loric, while others difengage from it more caloric than light. 

XIX. The oxygen fixed in burnt combuftible bodies remains 
mote or lefs deprived of light and caloric; and the denfity or 
folidity it acquires in the procefs, is one of the caufes to which 
is Owing the greater or lefs facility experienced in feparating the 
oxygen from burnt bodies in the form of vital air. For this, fome 
require more caloric than light; others more light than caloric. 

XX. It is eafy to perceive, after what has been faid, that to 
feparate the oxygen from a burnt body, is to perform an opera- 
tion the reverfe of combuftion. "We have no word in our lan- 
guage to exprefs this operation. It would not be improper to 
fay, that we wnburn, that we difoxydate the body: Hence the 
terms of uwnburning and difoxydation. 

XXI. Befide the greater or lefs force with which oxygen is re- 
tained in combuftible bodies, according to its being combined 
with them in a ftate of greater or lefs folidity, and its having loft 
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a greater_or lefs portion of its folvents, caloric and lights it ad« 
heres to them by its attraction, its particular affinity to each. A 
confiderable number of thefe affinities of oxygen for different 
fubftances are already known, and the x na of fome of them 
have been afcertained. re 
XXII. It is from the Pibonit of thefe stiles that we are 
frequently enabled to transfer oxygen from a burnt body to a 
combuftible one. In this procefs a combuftion takes place, fo 
much the more imperceptibly, or tacitly as it were, according# 
as the oxygen is more folid in the burnt body, and more fimilar 
in denfity to the body which abforbs it, or into which it paffes. 
But this kind of combuftion fometimes takes place with a: vivid 
heat and flame: which phenomena occur, whenever the body 
which is to receive the oxygen muft contain it in a more folid 
form than that from which it is extraéted. Thus iron, zinc, an- 
timony, arfenic, &c. burn with flame, when heated with oxyd 
of mercury, from which they attract the oxygen, to contain it 
in a more folid form. | 


Applications of the preceding Propofitions. 


The obftacle which air oppofes to evaporation, the cbulli 
tion of liquids, fublimation, &c. 

The folution of water in air, and the hygrometriea} ftate of 
the atmofphere. _ . 

The efflorefcence and deliguefcence of faline bodies, &c. B 

Aqueous meteors. 

Experiments made at different heights of the stadia 

Experiments made in a vacuum. , 

. The comparative nature of combutftible bodies. , 
The increafe of weight and change of nature in thefe bodies 

after combuftion. _ 

The hiftory of native burnt bodies... 
Artificial heat and flame. —- 
The theory of furnaces. 

‘The different eudiometrical proceffes. 
The refpiration of different animals. 
‘The mephitifm occafioned by combuition and refpiration. . 
The diminution, increafe, and fupport of animal heat. — 
Tranfpiration from the fkin and lungs, &c. 
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CHAPTER IV. 


THE NATURE AND ACTION OF WATER. 


1. Warne exifts in three different ftates: that of a folid, 
which is ice ; that of a liquid, its moft common form; and that 
of vapour, or gas. 

II. Ice is a cryftallization more or lefs ‘eeuban tran{parent, 

very fapid, elaftic, fufible at a temperature above 32° of Fahren- 
heit’s thermometer, and which fuffers the efcape of much calo- 
tric from its interior, in feveral combinations. 
_ TIL. Ice at 32° abforbs 112° of heat in melting, or fuch a 
quantity of caloric as would raife a body of water of equal bulk 
with itfelf to 144°. Its capacity, therefore, is not the fame with 
that of liquid water, which is owing to the difference of its {tate, 
as has been faid in Chap. Il. Seét. VI. 

IV. Whenever liquid water lofes much caloric on entering in- 
to any combination, it ought to be confidered as folid in it: Fre- 
quently it is even much more fo than ice at 32°; whence arifes 
the folidity of mortars, or cements, of which flaked lime form 
a part. _ 
~ V. Water remains eternally folid on mountains, cooled for ages 
by the prefence of ice, and underneath the poles. In thefe places 
it forms a kind of rocks, or white concretions almoft fimilar to 
ftones. f 

VI. Liquid water is pure, infipid, deftitute of fmell, and 850 
times heavier than air. It forms rivers, brooks, ponds, fpringsy 
rivulets, é&c. It occupies the cavities, furrows, and, generally 
fpeaking, the loweft parts of the globe. 

VII. It is very feldom pure, for it diffolves, in the pire and 
on its furface, air, faline gafes, and terreftrious falts: It aéts even 
on the moft folid ftones, which it diffolves, carries along in its 
courfe, depofits, and cryftallizes. Hence it has been named the 
grand folvent of nature. By it are produced various phenomena, 
and it is one of the moft powerful agents, by which the furface 
of the globe is inceflantly modified. Its motions, its currents, its 
action, have gradually changed the nature of minerals, and cre- 
ated a kind of new world on the face of the old. | 
- VOL Accordingly all.the waters of the earth contain. fome 
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fubftance or other, foreign to the nature of water; the prefence 
of which is difcernible from the increafe of their {pecific gravity, 
their tafte, more or lefs flat, earthy, and crude, and the difficul- 
ty with which they boil, drefs pulfe, or diffolveioap. ‘The more 
free any water is from thefe properties, which are ag to 
its eflential character, the greater its purity. 

IX. Water flowing ‘in a fandy channel, and expofed to thé 
open air, is fufliciently pure for the purpofes of life, and moft of 
the ufes of the arts. On the contrary, that which traverfes chalk, 
gypfum, and marbles, or ftagnates on turf, bitumen, and ores of 
metals, or in fubterranean cavities far from the contact of the 
atmofphere, is more or lefs impure. * 
_ XX. The art of correcting hard or impure water by chemiftry, 
confifts in expofing it to the atmofphere, agitating it in conta& 
with the air, boiling it, diftilling it, and afterwards combining 
it with air. Frequently the addition of afhes, alkalis, or weak 
acids, ferves to diminifh the bad qualities of water; and fome- 
times even completely removes them. Moft adventitious fubftan-. 
ces, which diminifh the purity of water, being either much moré 
volatile, or much more fixed, than it, diftillation is the moft cer- 
tain method of obtaining pure water. For this reafon chemifts 
always employ diftilled water in their experiments. Py ’ 

XI. Liquid water, being a combination of ice at 32°, and Bick 
a quantity of caloric as would have been fufficient to raife the 
water to 144°, on the addition of caloric becomes rarefied : When 
it is raifed to a temperature of 184°, it aflumes the form of gas 5 
it is vapour: In this ftate it is far lighter than liquid water, it occu- 
pies a much more extenfive fpace, it eafily penetrates all bodies, it: 
readily diffolves in air, and its expanfive force from the increafe 
of its temperature renders it capable of moving enormous weights. 

XII. As liquid water abforbs air, which renders it light, air 
alfo abforbs and diffolves water. This is the caufe of water’s eva 
_ porating. The folution of water in air is dry and invifible as air 
itfelf: It is proportionate to the temperature of the atmofphere. — 
The hygrometer does not indicate with precifion this water, for 
it is not affected by a complete {olution of water in air, but moves 
according to the quantity of water which is juft going to be dif- 
folved, and more efpecially of that which is precipitating from it. 

XIII. Water is not a fimple fubftance, as had long been fup- 
pofed.. By burning with rapidity a number of combuftible bo- 
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dies, more or lefs heated, as charcoal and pit-coal already on fire, 
red-hot iron, zinc melted and red-hot, oil, &c., water is decom- 
pofed, yielding to thefe combuttible bodies the oxygen it contained. 

XIV. In proportion as the oxygen of the water becomes fixed 
in the combuftible bodies which it burns, its other principle ca- 
pable of diffolving in caloric forms the inflammable gas which is 
evolved. As this fecond principle is one of the elements of wa- 
ter, it has been called Aydrogen, and its elaftic fluid folution in 
light and caloric, hydrogen gas.,The difengagement of this prin- 
ciple in the form of gas, which takes place wherever water is 
decompofed by a combuttible body, is the caufe of a great num- 
ber of detonations and fulminations. 

XV. The hydrogen gas produced in various experiments al- 
ways originates from water, either in confequence of a preced- 
ing decompofition, in which it had been combined in the ftate 
of fixed hydrogen, with one of the fubftances employed, or 
from a decompofition of water actually taking place in the ex. 
periments themfelves. All the inflammable gas, therefore, pro- 
ceeds from water. 

XIV. Reiterated experiments have proved, that water con- 

tains about 85 hundredth parts of oxygen and 15 of hydrogen. 
The recompofition of water, one of the grandeft difcoveries of 
moder chemiftry, confirms the analyfis of this body; for on 
uniting by combuftion 85 parts of oxygen with 15 of hydrogen, 
a hundred parts of pure water are obtained. 
. XVII. When water is decompofed by a combuttible body, 
this is affected by means of a double affinity ; that of the oxygen 
of the water for the combuftible body, and that of its hydrogen 
for caloric. For this reafon, the more caloric matter is employ- 
ed in the experiment of decompofing water by means of iron, 
charcoal, or the like, the fooner is the water decompofed. From 
this neceflity for an extreme abundance of caloric in the opera- 
tion, it is eafy to conceive how the hydrogen; one of the ele- 
ments of the water, acquires a levity fo far beyond that of the 
fluid from which it is derived: In fa&t, while a cubic foot of 
water weighs feventy pounds, a cubic foot of pure hydrogen 
gas weighs only fixty-one grains. 

XVUI. Hydrogen gas, though always produced by the de- 
compofition of water, carries along with it various fubitances, 
either fufpended or diffolved in it, according as the bodies from 
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which it is extricated are more or lefs fimple: Thus it is min- 
gled with azotic gas, carbonic acid gas, or vital air; or it holds 
in folution, water, carbon, fulphur, phofphorus, arfenic, oil, al- 


cohol, ether, &c# From the difference of thefe adventitious 


fubftances which it contains, it varies in fmell, weight, and 
inflammability, the colour of the flame’ it yields, its aétion 
on different bodies, and alfo in the produéts diftin@ from pure 


water which it affords in burning. Hence are derived the feve=” 


yal fpecies and denominations of inflammable gas admitted by'au- 
thors, of which hydrogen gas always conttitutes the general bafis. ° 
XIX. Hydrogen gas being one of thofe natural fubftances that 


contain moft caloric, it is among the number of combuttible | 


bodies, which give out moft, and confequently afford moft heat in 
burning. Hence all compound combuttible bodies, of which 


hydrogen conftitutes the bafis, fuch as oils, fats, and in general 
all that originate from organized bodies, yield, during the prow — 


cefs of burning, a confiderable quantity of heat. Wood, oil, 
pit-coal, bitumen, alcohol, ether, and the like, are of this kind. 

XX. It follows, alfo, from what has been faid, that thofe 
compound combuttible bodies, which contain much hydrogen in 
their compofition, neceffatily require a large portion of oxygen 
in burning, and afford water as 2 product of their combuftion, 
m proportion to the quantity of hydrogen they contain. Thus 
a pound of alcohol, on being burnt, ne more = a pied 
of water, &c. teeg 

XXI. The combuttible bodies which deceinisiotenk water, genes 


rally fpeaking, are thofe which have a greater affinity, or ftronger - 
 attra€tion, for oxygen, than hydrogen has: But this attraction — 


is greatly aflifted by the prefence of caloric, which has. a ten 
dency to unite with the hydrogen. A large quantity of caloric 
¢an even occafion the decompofition of water by bodies which 


would beincapable of decompofing it cold. To this Hight Foss 


contributes. 

XX. The combuftible bodies eksels will not decltngte wae 
ter at any temperature, in confequence of their feeble. attrac- 
tion for oxygen, which in this cafe always remains inferior to 
that which fubfifts between oxygen and hydrogen; muft, on the 
contrary, when they have been burnt by other means, be decom- 
pofed, or fuffer their oxygen to be taken from them, by hydro- 
gen. ‘This happens to the oxyds of lead, bifmuth, &c. 
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XXIII. Hitherto the art of chemiftry has arrived at the know- 
ledge of no means of decompofing water, but by combuftible 
fubftances, which take from it its oxygen: We are unacquainted 
with any capable of attracting its hydrogen, and fetting its 
oxygen free. It would feem, however, that nature has inftru- 
ments for effeCting this inverfe manner of decompofing water : 
The leaves of vegetables {truck by the rays of the fun appear to 
decompofe water by abforbing its hydrogen, and difengaging its 
oxygen in the form of vital air. This we may prefume to be in 
part the mechanifm of vegetation, of the formation of oils, and 
of the renovation of the atmofphere. See Chap. IX. 

XXIV. While hydrogen and oxygen, each diffolved into gas 
by caloric and light, remain in contact with each other cold, 
they do not combine ; no inflammation occurs, no water is form- 
ed. But if the mixture be expofed to an ignited body, ftrongly ~ 
comprefled, or affected by any violent and forcible concuffion, a 
combination of the two commences, combuttion takes place, and 
water is produced. 

XXV. A fimilar phenomenon appears to take place in the at- 
mofphere, Atmofpheric detonations, claps of thunder, feem to 
be nothing more than a combuftion of hydrogen gas and vital 
air; and accordingly they are often fucceeded by a torrent of 
rain. Some ftorms of rain alfo appear to be in like manner ow- 
_- ing to a fudden formation of water in the atmofphere, from the 
rapid combuftion of hydrogen gas and vital air, occafioned by an 
electric {park, arifing from the neceflary re-eftablifhment of an 
equilibrium of eleétricity between different clouds, or between 
’ the clouds and the earth. 

XXVI. A multitude of chemical phenomena of nature and 
art, formerly inexplicable and ranked as miraculous, are now 
efteemed the neceflary confequences of the decompofition of 
water well underftood. Of the truths exhibited in this chapter 
the influence on the general theory of chemiftry is immenfe, as 
will appear in thofe that fucceeed. 


Applications of the Propofitians in this Chapter. 
Artificial refrigerations. 


The theory of the permanent ice‘covering the tops of moun- 
tains, and the neighbourhood of the poles. 
The varieties of atmofpheric and terreftrial waters. 
Vol. I. | .B 
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‘The art of correcting the bad qualities of waters. err 
~The theory of the ebullition of water. | 
The difference between boiled water and water pregnant 
with air. | 
‘The diftillation of water in the great, and nee of falt water. 
The theory of fogs and dew, 
The theory of the hygrometer, and hygrometrical phenomena. 
The burning of combuftible fubftances by means of water. 
The gafes difengaged from ftagnant waters 
The, variety of inflammable gafes. pani 
The colouring of fubftances by inflammable gafes. a 
« The oxydation of metals, or ruft, produced by damp air. . 
The theory of detonations. 
Some phenomena of metallic folutions. 
Some fundamental principles of the theory of vegetation, 
the formation of oils, &c. : 


' a 
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CHAPTER V. 
THE NATURE AND ACTION OF EARTHS AND ALKALIS. 


1. Wuart was formerly called earth by way of eminence, and 
confidered as an element, and the caufe of folidity, drynefs, in- 
fipidity, indiffolubility, &c., is now configned to that clafg of 
vague and indeterminate ideas, which the imagination, unfatisf- 
ed with the fuccefs of experience, invented to fupply the place 
of facts. At prefent no elementary earth is acknowledged 5 and 

‘inftead of one earthy fubftance, we have at leaft five, all of 
which have an equal claim to be denominated elements; ; for each 
_ enters into the compofition of various bodies. 

II. Of the five earthy fubftances that have been’ difcovered, 
two are in fome meafure more earthy, dry, fufceptible of hard- 
nefs, infipid, &c.; while the other three poffefs faline proper- 
_ ties, which render them fomewhat akin to the fubftances deno- 
minated alkalis. Thefe three, which have in confequence been 
termed falino-earthy, faline earths, ‘alkaline earths, and earthy 
alkalis, are baryt, magnefia, and lime. The other two are fi- 
lex and alumin. hina. 

Ill. The generical characters coramon to all thefe are drynefs, 
unalterablenefs in the fire, infufibility, and the quality of being 
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infufceptible of decompofition, and aéting as fimple and inde- 
ftrutible fubftances in combination. Befide thefe, each has fpe= 
cific clrarafters by which it is diftinguithed. 

IV. Silex which has been named filiceous earth, quartzofe earth, 
weil vitrifiable earth, is rough to the touch; it fcratches and wears 
away metals ; it is infufible, incombuftible, infoluble in water and 
moft acids, foluble by alkalis in a {trong fire, and forming glafs with 
thefe falts. It is found in abundance in fand, quartz, flint, agate, 
_jafper, fandftone, and all ftones that ftrike fire, of which it con 
{titutes the bafis. It has neither been analyfed, nor imitated by 
. fynthefis. Some have confidered it as the moft fimple of the 
earths, the terreous element, the origin of all the other earths; 
but experience has not fupported their affertions. It is employed. 
for various purpofes, particularly for mill-ftones, and making 
glafs, cements, earthen-ware, &c. 

V. Alumin, fo named becaufe it conftitutes the bafis of alum, 
the fame which fome authors have called argil, is foft to the 
touch, and adhefive to the tongue, it hardens in the fire, ° 
makes a pafte with water, unites with moft acids, dries in 
flakes, acquires great hardnefs when mixed with water and filex, 
atid is contained in a large proportion in clays, fchifts, fteatites, 
&c. Itis employed for various purpofes of art, from its apti- 
tude for moulding into different forms, and retaining them, and 
its qualities of hardening in the fire, and holding water. By 
fome it has been erroneoufly confidered as filex changed, attenu- 
ated, and rotted by the action of air and water, but with its in- 
timate natute, or principles, we are totally unacquainted. 

VI. Baryt, or Aeavy earth, is remarkable for its extreme pondero- 
fity. This is never found alone in nature, but always united with 
the fulphuric or carbonic acid. In the fire, and in contaét with 
the filex or alumin of the crucible, it affumes a blue or green 
colour : it is foluble in nine hundred times its weight of water, 
_ changes fyrup of violets green, has a flronger affinity even than 
alkalis for moft acids, and will any where deteét the prefence 
of fulphuric acid, and indicate its quantity. Its principles are 
unknown, though it is fufpected of being a metallic oxyd.- 

VII. Magnefia is very fine, very white, unalterable in the 
fire, foft, and hght. It refembles vegetable fecule, requires near 
two thoufand parts of water to diffolve it, very flightly greens 
the tin¢rure of violets and mallow flowers, forms with acids ex- 
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tremely foluble falts, and is lefs retentive of acids than lime, 
which attracts them from it, having nearly the fame afinity for 
them as ammoniac, with which and acids it forms falts with two 
bafes, or a clafs of triple falts. It exifts in confiderable quanti- 
ty in ferpentines, mica, flates, and amianthus ; is equally inca- 
pable of analyfis with the preceding earths; and, like phere its 
compofition is unknown. . 

VII. Lime is the moft alkaline of earths, fi the | only one 
that poffeffes an acrid, burning, almoft cauftic, difagreeable, and 
urinous tafte.. Jt is very powerful in converting the fyrup of 
violets to a green colour; attracts water from the atmofphere , 
when flacked in it ; heats greatly with water, and becomes folid 
with it ; gives out a large quantity of caloric when flacked dry ; 
diffolves in lefs than feven hundred parts of water; attra€ts car- 
bonic acid from the atmofphere, and forms on the furface of its 
folution a pellicle of chalk, improperly called cream of lime ; is 
unalterable alone, but melts with filex and alumin; and is form- 
‘ed of principles with which we are yet unacquainted, i it 
is evidently a compound. 

IX. The pretended converfion of earths, each into other, ad-— 
mitted by natural philofophers, is nothing more than a chimera : 
fo far is it from being proved, that filex becomes alumin in con-_ 
fequence of expofure to the air, that flints are changed into 
chalk, and that chalk is converted into magnefia, as fome have 
fuppofed on much too feeble grounds. , 

X. The three alkaline earths are to appearance more manifeft- 
ly compound than the other two. There is reafon to prefume, 
that azot is one of their principles, and gives them their alkaline 
properties: however, experience has yet afforded no proof in 
fupport of this opinion; though their origin, afcribed with con- 
fiderable probability to marine animals, which contain a large 
portion of azot in their aii ii renders it not deftitute of 
foundation. 

XI. As to the metallic nature of the Sink earths, which fome 
fuppofed they had demonftrated by an imaginary redudtion of 
them into metals, by expofing them to a violent heat in contact 
with charcoal ; the very {mall and few metallic globules obtained 
evidently came from the charcoal and the earth of the cupels, and. 
has been difcovered to be nothing more than phofphur of iron, in 
the treatment of each of the different earths ; whence it is fufh- 
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ciently proved, that they afford no metallic fubftance. Several 
natural philofophers continue of opinion, that earths are fpecies 
of burnt bodies, to which the oxygen is ftrongly adherent, and 
incapable of being decompofed on account of their powerful at- 
traction for this principle ; but i in this they are not fupported by 
experience. 

XII. Earths combine by twos, threes, and even greater num- 
bers, by procefles unknown to us, which nature employs on a 
very extenfive fcale, to produce ftones differing in hardnefs, tex- 
ture, tranf{parency, opacity, colour, form, &c. If art have fail- 
ed to imitate thefe compounds, the reafon is, time, fpace, and 
quantity, are wanting. Something fimilar to the natural earthy 
compounds, however, may be produced, by leaving a long time 
in contact, earths, intimately mingled, and moiftened at firft with 
a little water. . 

MMI. The three alkaline earths form a kind of intermediate 
link between earths and alkalis. ‘The latter are diftinguifhable 
by their acrid, burning, and urinous tafte, their caufticity, their 
fingular a€tion on the fkin, and all animal fubftances, the quality 
of changing the blue colour of violets toa green, and even a 
greenifh yellow, and deliquefcency. , We are acquainted with 
three fpecies, potafh, foda, and ammoniac. The firft and fe- 
cond have been called fixed alkalis, becaufe they melt and grow 
red in the fire before they become volatile ; the third has been 
named volatile alkali, from poffefling the oppofite property. 

XIV. Potafh is known by the following characters :—It is dry, 
folid, white, Scena in rhomboidal plates, fufible at a tem- 
perature of 203°, and very deliquefcent, abforbs water with heat 
and a peculiar faint fmell, combines with filex by fufion, and 
forms with it a tranfparent compound. It is frequently found 
native with lime, and combined with different acids; but is chief- 
ly obtained from vegetables, in the afhes of which it remains af- 
ter combuftion. It is fuppofed that it bears fome analogy to 
lime, and may perhaps bé formed of azot combined with it: ex- 
perience, however, gives no fupport to this opinion. 

XV. Soda is procured from marine plants by incineration, and 
conftitutes the bafis of fea-falt. It ftrikingly refembles potafh in 
form, caufticity, fufibility, deliquefcency, combination with f- 
lex by means of fufion, action on ainmal fubftances, &c.; fo 
that it was long confounded with it, and might have continued 
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to be fo, if it did not form very different falts with acids, and 
yield thefe acids to potafh.. It has been imagined, that foda was 
a compound of magnefia and azot, becaufe falts with foda for, 
their bafe have been as frequently found with falts having for 
their bafe magnefia, as calcareous falts with thofe having potafh 
for their bafis: but both thele opinions remain hitherto vogually 
devoid of proof. 

XVI. Ammoniac or volatile alhaliz differs ‘cone from the 
two preceding {pecies in its form of gas when diffolved in caloric, 
in its liquid, form when diffolved in water, in its: pungent and. 
fuffocating fimell, its folubility in air, and its known. and eafy,: 
detompofition by the electric {fpark, metallic oxyds, and the 
nitric and oxygenated muriatic acid. This decompofition evinces, 
that ammoniac is a compound of hydrogen and azot ; and for 
this reafon it frequently. exhibits the phenomena of a combutftible. 
fubftance. Hence alfo it is ealy to concieve, hove animal’ mat- 
ters furnith ainmoniac in confequence of putrefadtion. 

XVII. If azot fhould at fome future period appear to be the 
principle that forms alkalis, the atmofphere will be found to 
confit of a mixture of oxygen and alkaligen, each feparately dif- 
folved in caloric ; and it will exhibit an immenfe refervoir, from 
which the philofopher will pereeive nature drawing the materials 
of two clafles of compounds, the moft aétive and uleful it ina igneat 
number of, her operations. | ik BS te 


. Applications of the Propoft tiotts im this Pi ain at a 


The extraction, preparation, and purification of earths.!. 
The theory of the arts of the potter, brickmaker, Baty 
'The theory of cements and mortars. at he 
The reciprocal combinations of earths by means of fire, cit 

The natural hiftory of ftones. ! . 
The compound nature of earths and Paes: 

The alteration of colours by means of alkalis. 
Vitrification and the art of making*glafs. - 
The extraction and purification of potath and foda. : 

| The theory of alkaline cauftics. 

Some points regarding putrefadion, 9 shiz: 
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ee CHAPTER VE 

ii THE NATURE OF COMBUSTIBLE BODIES, 

ot. { 
gimkt 1 of meme ie bodies are too various, numerous, and im- 
portant in the phenomena they exhibit, and_ the combinations 
they are inceflantly entering into with each other, and with the 
air, not ‘to excite us to examine them with care, and endeavour 
accurately to afcertain their properties and {pecific characters. 
_ il. In comprehending under this name all fub{tances capable 
of combining more or lefs rapidly with oxygen, and difengaging 
from it caloric and light, we fhould arrange them in two clafies ; 
fimple or, indecompofed.combuftibles, or fuch as cannot be de- 
compofed, and 87 a more or lefs compound. 

Ill. We call thofe combuftibles imple, which we are hitherto 
unable either to decompofe, or to compofe by the union of dif- 
ferent fubftances. With their intimate nature we are unac- 
guainted, Sometimes they occur fingly in the mineral kingdom, 
or in one of the others; but they are found moft ufually com- 
bined two and two together. Such are the diamond, hydrogen, 
fulphur, phofphorus, carbon, and the metals. Each of thele fix 
genera muft be confidered feparately. 

. IV. The diamond is the hardeft of all the bodies that we 
know, It is very remarkable for the power with which it re- - 
fradts and decompofes light, from which Newton difcovered, that 
it was very combuitible, It is found native, cryftallized i in he tn 
edra, dodecaedra, &c. ; exhibits fome varieties differing in texture, 
denfity, and colour ; burns with a perceptible flame, and is con- 
verted into vapour by burning. Its combination with oxygen is 
unknown. , Few fubftances act upon it; and, if it were not 
combuttible, it might be confidered as infufceptible of alteration. 
We know no compound into which it enters as a conftituent 
part; and it feems of all bodies. the leaft obedient to chemical 
attraction. _ 

ae Hydrogen is one of the principles of water, With caloric 
ee light it forms hydrogen gas, fixteen times as liglit as air, in_ 
foluble in moft fubftances, capable on the other hand of diffolv. 
ing fulphur, phofphorus, carbon, arfenic,. oils, &c.; and thus 
forming the different, {pecies of inflammable gas, formerly called 
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fulphurated, phofphorated, carbonated, arfeniated, oleaginous, &c.. 
“hydrogen gas. It decompofes feveral metallic oxyds, and acids 
with fimple and known radicals ; imparts to all the compounds | 
into which it enters, whether they be combuftible or not, a 
confiderable refringent power, which property led Newton to ~ 
conjecture, that a combuttible fubftance was contained in water 
becomes fixed in organized bodies, and forms one of the principles 
of the mixed combutftibles they contain. See Chapters IV. and X. 

VI. Sulphur is a yellowith fubftance, odorate, ele€tric, tran 
parent and o¢taedral, opake and prifmatic, and fufible. It is 
fufceptible of two kinds of combuftion; the one flow, with a 
blue flame, and the formation of fulphurous acid ; the other rapid, 
with a white flame, during which fulphuric acid is produced. 
It combines with earths and alkalis ; becomes foluble when thus 
combined ; unites with metals, and forms fulphurous ores ; and 
exifts in the earth:in very large quantity, either fi or com- 
bined with metal. ~ 

VIL. ‘Phofphorus i is. a white, tran{fparent, orytallieds lamellat- 
ed, and extremely fufible fubftance. It burns in two modes 5 
flowly, in every temperature with which we are acquainted, emit. 
ting a white flame and acrid saya and forming phofphorous acid ; 
rapidly, in a temperature of 147°, with a vivid and very brilli- 
ant flame, without any perceptible odour, and forming phof- 
phoric acid. It is never to be found pure in a native ftate, on 
account of its extreme combuftibility ; unites with fulphur, and 
with metals ; is foluble in hydrogen gas ; takes away oxygen from 
feveral metals, and feparates them from acids, reftoring their pro- 
per form and metallic luftre; and exifts more abundantly in the 
mineral kingdom, even than in the animal, to ee it was once 
sanetel ie attributed. 

’ VUL. Carbon is the combuftible matter of coals, Pople pure 
and ifolated from earths, alkalis, falts, &c. It is combuftible in 
a great degree of heat; forms carbonic acid when united with 
oxygen; has the ftrongeft attraction for oxygen of any known — 
fubftance, and deprives all other burnt bodies of this principle; 
exifts in abundance in animals and vegetables, conftituting almoft 
: wholly the folid bafis of the latter, and on that account remain- 
‘ing, and preferving their form, after they are decompoted, either 
fpontaneoufly or by the ‘action of caloric ; is foluble in alkalis, 
and hydrogen gas ; unites with metals, forming with i iron, in pats 
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» ticular, fteel, and carbure of iron, improperly called p/umbago, lead 
ore, or black lead ; and is found in each of the natural kingdoms. 
[X. Metals are well known for their great ponderofity and 
luftre : they are fufible, cryftallizable, and combuftible ; decom- 
pofe water and feveral acids; unite with fulphur, phofphorus, 
carbon, and each other, at different temperatures; and in their 
{tate of oxyds, perform a double function, that of acids with 
earths and alkalis, and that of falifiable bafes with acids. This 
genus differs from all that precede, particularly in the number of 
its fpecies. To give a juft idea of thefe, of which there are fe- - 
venteen with which we are well acquainted, and this number 
will probably be ftill farther increafed by new refearches, I fhall 
divide this genus into five fe€tions : In the firft, I fhall comprife 
brittle and acidifiable metals, of which there are three, arfenic, 
tung{ten, and molybdzena : In the fecond I fhall rank thofe which 
are brittle, and fimply capable of oxydation, of which I reckon 
five fpecies, cobalt, bifmuth, nickle, manganefe, and antimony: — 
The third feétion will include the femi-dutile and oxydable, of 
which there are two, zinc and mercury: The fourth feétion 
will be affigned to fuch metals as are perfectly dudtile, and 
eafily oxydable which are tin, lead, iron, and copper: And 
the fifth will comprehend thofe that are perfe€tly dudtile, but 
oxydable with difficulty, which are filver, gold, and platina. As 
the ninth chapter is referved for the moft important chemical 
properties of metals, it will ‘be fufficient here to exhibit briefly 
fome fpecific differences of each of thefe bodies ; obferving, that 
the appellations of /emi-metals, imperfect metals, and perfec? metals, 
manifeftly originating from the erroneous ideas of alchemy, ought 
to be difcarded from the language of a fcience that has any pre» 
tenfion to accuracy. 

_ A. Arfenic is lamellated, of a bluifh gray colour, brilliant and 
fragile ; and burns with a blue flame, and a fimell refembling that 
of garlic. 

* B. Tungften is of a gray white colour, granulated, friable, al- 
moft infufible, and fearcely foluble in acids, though extremely 
oxydable and acidifiable by the operation of air and caloric. 

C. Molybdena is in the ftate of powder, or grains, blackifhs 
fhining, agglutinated, fragile, very little fufible, and by burning 
becomes a white, volatile, prifmatic, and acidifiable oxyd. 

D. Cobalt is granulous, fine, of a rofy white colour, fragile, 
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pulverable, difficult of fufion, and becomes blue when melted , 

with glafs. aii Sala. 
»E. Bifmuth is in, large laminz, of a yellowith child bea, 

eafily fufible, very crydlallizable, and extremely oxydable. .. 

» ¥. Nickel 1s, gray, .granulous, hard, a little fragile, extremely 
difficult tofufe,. and» affords a Bae oxyd by means of caloric 
and, air. », 

ai G. Madgounter is sae a gray hits hel and Ph waning Sis. 
de; very difficult to fufe, and of all metals the moft combuttible 
in the air alone, fo that it changes colour immediately on €xpo- 
fur to it, and is reduced to a black duft in the courfe. of a few 
days. It fhould be kept underneath alcohol, or oil, to prevent it 
from burning. . | | 

oH. Antimony is a a (pure ines in tes acti brittle hard 
to fufe, and fublimes on combuftion in the air into a white, cry{- 
tallized oxyd,.,which almoft atts othe wth of an acid in uniting 
arraneniietans AoA iit 

»I.Zine is of a blue white nsec in Hee etl an rt 
spiftande degree malleable, eafy to fufe, the moft inflammable of 
inetals, burning, when md hot, with a beautiful yellows white 
flawe,: and powerfully decompofing water. id 
sod, Mereury is fufible at 30° below o of Reauwis pe oa 
meter, and congeals at 31°, becomes a black oxyd. (wthiops per fe) 
by mere divifion, or is. extinguifhed. by this fimple. procefs. in 
ehetpisileinhe or confiftent matter with which it.is triturated. a 

L,, Tin is of a brilliant white colour, foft, light, little, fonorous, 
capable of being fcratched by the nail, very fufible, very, combut. 

ibley: and, affords a white oxyd, which deftroys, the tran RESET of 
glafsy and: converts it into enamel...) 

M. Lead is of a dull bluith colour, heavy, foft,, peri rd 
. ible, and affords an oxyd the moft vitrifiable of all we know, | and 
‘a glafs of .a yellow hue, refembling. that, of) atopame \: skew 

N. Iron is white, fibrous, the moft tenacious of metals, very 
-difficult to fufe, very, combuftible, and, the only metal attracted 
‘by the magnet... It-reqdily decompofes. water; changes to a pow- 
der in the air, unites with carbon, :.which, converts, it into. fteels 
and is the only. ogi hi NPY. abundant in the, two, organic. adil 
doms. 

O. Copper, is, of: a mae ec red, ee, ail dudtile, od fe) or 
ate, and: poifononign,, It burns with a.green, flame,. and aftords 
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brown, blue, and green oxydg, the laft of which is formed in 
damp air.” 

P. Silver is of a pure and brilliant white, deftitute of fmeli 
and tafte, very ductile, not oxydable by caloric and air, burning 
with a greehifh flame by the electric fhock, growing black from 
the fumes of fulphur, unalterable by the air alone. 

Q. Gold is of a-fine brilliant yellow, extremely dugtile, lefs 
combuftible and lefs oxydable than filver, and even {till lefs al- 
terable than it by the conta of air. It.is convertible into a fine 
purple oxyd by the ele€tric fhock. 

‘R. Platina is the heavieft, moft infufible, léeaft combuttible, _ 
and leaft) alterable of all metals. It is of a gray white co- 
lour, pofleffes little brillancy, and will at fome future period 
become one of the moft valuable inftruments of the arts. 

’X. Compound combuttible bodies are all fuch as refult from 
a combination of fome of the preceding ones; thus the foly- 
tions of fulphur, carbon, phofphorus, and arfenic, in hydrogen 
gas, are compound inflammable gafes : and the combinations of 
fulphur with phofphorus, of carbon with iron, of different metals 
with fulphur, phofphorus, and each other, are compound bodies. 
Such are almoft all the combuftibles we meet with in nature : it 
is the province of art to feparate them from each other, and ex- 
hibit them pure and ifolated. 
~ XI. When we compare the properties of compound combutft- 
ible bodies with thofe of fimple combuftibles, we perceive, that 
the former fametimes abforb oxygen with more avidity than if 
they were alone, as many metallic fulphures, and alloys; at 
other times, on the contrary, we find them lefs ready to burn, 
on account of the ftrong attraction they poffefs for each other, 
which is the cafe in general with phofphorated metals. There 
are even fome that are long unalterable in the air, appearing to 
have loft by their intimate combination the property of being 
combuftible, which they exert only when ftrongly heated; as 
the carbure of iron, which is even employed with fome ficcefs 
to prevent iron from contracting ruft. 

AMI. Hydrogen and carbon, Very intimately united together in 
the capillary tubes of vegetables, and frequently containing {mall 
portions of earths, alkalis, acids, and-efpecially oxygen, form 
bitumens, oils, and refins, which, though they have a tendency 
to burn and feparate, preferve. feme time the equilibrium, of 
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their combination, till a rapid increafe of temperature, accom- 
panied with the conta€t of air or water, puts an end to this 
equilibrium, by ifolating their elements, and uniting them fepa- 
rately with oxygen. Accordingly the produéts of thefe com- 
pound combuttibles are univerfally water and carbonic acid. It 
is the fame with alcohol and with ether, formed by modifica- 
tions of the principles of vegetable matter, which, in their ul- 
timate analyfis, are nothing elfe than combinations of hydrogen 
and carbon with more or lefs ae “ water. See sae 
* X, XI, XII. 

XIUI. This exhibition of the different fpecies of conibinttible 
bodies, and their principal chara€teriftic properties, fhows the 
part they at in the phenomena of the globe. It authorifes us 
to divide almoft all the productions of nature into two grand 
clafles, one of combuttible bodies, the other of bodies already 
burnt: In the maffes and action of the former we difcern the 
caufes of inflammable meteors, partial heat, volcanoes, the per- 
petual alterations of the furface of the earth, &c.; in the ex- 
iftence of the latter, we perceive the fource of the number and 
diverfity of acids, faline compounds, oxyds, and metallic falts, 
which vary in a thoufand ways the appearance of ores, their re- 
ciprocal decompofition, and their alterations by the ation of 
water, air, and light; in fine, we ‘difcover in vegetables ma- 
chines which nature has organized for the purpofe of intimately 
combining feveral of thefe fubftances with each other, in order 
to form compounds more fubfervient to its sha aaa “as 
they are lefs durable and permanent. 


Applications of the Propofitions iu this Chapter. 

The circumftantial hiftory of the combuftion of each com- 
buftible fubftance in particular, _ 

The hiftory of foils. as ena with ark and of na- 
tive fulphuric acid. 

The phenomena of fatal itiflachibble gafes in ee 
mines, the atmofphere, &c. 

The properties of earthy, alkaline, and metallic fulphures. 

The converfion of fulphures into papi and ate i by 
the aétion of air and water. 

na oe extraction, and combinations of | phospho 

: Metallic phofphures. 
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The exiftence of native metallic carbures. _ 

The phenomena depending on the denfity, weight, du&ti- 
lity, and fufibility of metals. 

The properties and ufes of alloys. 

The formation of fecondary ores, from native metallic falts. 

Volcanoes, and fulphurous and thermal waters. 

Bitumens ; the comparifon of fulphur, carbon and fimple 
combuttible bodies, with oils, &c. &c. 


CHAPTER VII. 


THE FORMATION AND DECOMPOSITION OF ACIDS. 


T. Since all acids refemble each other in their tafte, their 
manner of giving a red colour to vegetable fubftances, their ten- 
dency to combine with earths, alkalis, and metallic oxyds, and 
their property of attracting and being attraéted powerfully, it 
was natural to prefume, as Newton obferved, that they likewife 
refembled each other in their intimate nature, and poffeffed fome 
homogeneal principle: And chemical analyfis, by the help of 
the new means it has in its power to employ, has eftablifhed this 
as a truth beyond the poflibility of doubt. 

II. As every acid contains oxygen, and lofes its acidity exact- 
ly in proportion as it is deprived of this principle, we ought to 
confider acids as burnt or oxygenated fubftances, which are 
akin to each other from the prefence of the acidifying principle. 

III. There are two methods of acquiring a knowledge of the 
nature of acids : One by forming them, by compofing them from 
their conftituent parts, in uniting with oxygen fuch fubftances 
as are capable of becoming acid by an union with it: The other 
by decompofing them, by u#burning them, in depriving them of 
their oxygen by the aid of fubftances with which this principle 
has great affinity. 

IV. Confidered in the laft Meaiened view, all known acids 
may be divided into three claffes, namely, rft, Thofe which may 
be both compofed and decompofed, of which our knowledge is 
moft complete : 2dly, Thofe which we can only compofe, being 
incapable of decompofing them ; and with thefe alfo we are well 
acquainted : 3dly, Thofe which have never yet been cither com- 
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pofed, or decompofed 5 ; the nature of which remains altogether 
unknown. wh 

¥.’ Since, out of thirty known fpecies of acids, as’ there are 
but three, ftri€tly fpeaking, which are in the laft predicament, 
er which we can neither compofe nor decompofe, fo that we are 
neceflarily ignorant of their nature, there is no reafon why we 
fhould not regard fubftances of this kind as accurately diferimi- 
nated, and contemplate their general properties and compofition. | 

WI. All acids being compounds of oxygen with different fub-. 
ftances, the former principle is the caufe of their refemblancé 
and common properties ; the latter, being different in each, may 
ferve to characterize each in particulars For this reafon, thofe 
matters which are variable in acids are termed their deapain OF aci= 
difiable principles. | | 

VII. Thus all acids are combinations of radicals, of acidifi- 
able fubftances, different in each fpecies, with oxygen, which is — 
the fame in all : Whence it follows, that their common proper- 
fies, their characters as acids, depend on oxygen; their particus 
lar properties, their fpecific characters, arife from their radicals: 

VHI. The word acid, indicating the general and identical na+ 
ture of thefe fubftances, forms their generical name, while the 
particular name of the radical contained in each may with pro- 
priety defignate each particular acid. * Thus fulphur is the radi- 
eal of the acid we name /ulphuric, phofphorus that ei the phof- 
phoric, carbon that of the carbonic, and fo on. 

TX. Though this nomenclature enjoys the advalacige of ¢ exe 
prefling the nature of each acid, we are unable to employ it for | 
all, becaufe the radicals of fome are unknown, and thofe of others 
are themfelves compounded of feveral principles, and would con 
fequently require too complicated appellations. eae 

X. Acidifiable radicals may contain different quantities of Oxy- 
gen, and under this poriit of view they poffefs two ftates of acidity. 
‘Fhe firft is that, in which they contain the leaft pofhble quantity 
of oxygen to render them acid. In this their, acidity is common- 
ly weak, and they adhere but feebly to the bafes with which they 
are capable of forming falts. The modern methodical nomencla- 
ture defignates this fate of combination and acidity, by giving 
the names of thefe weak acids the termination our. Thus we fay 
the fulphurous, ’ nitrous, phofphorous, or acetous acid. ‘The fe- 
coud ftate of acids is that, im which they contain more oxygen, 
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and in general are completely faturated with it. In this they 
have all the ftrength and attraction they are capable of pofleffing 
as acids, and the modern nomenclature expreffes it by the termi- 
nation ic. Thus we fay the fulphuric, nitric, phofphoric, or ace- 
tic acid. ve 

XI. With regard to the proportion of oxygen united to acidi- 
fiable radicals, {till greater latitude may be given to the confidera- 
tions prefented in the foregoing paragraph. Each radical may be 
contemplated in four ftates: 1{t, Containing very little oxygen, 
not fufficient to impart to it the nature of an acid, and in this it 
is nothing more than an oxyd: Such is fulphur coloured red or 
' brown, by expofure to the air, and a degree of heat inadequate — 
to produce inflammation ; when it is oxyd of fulphur: 2dly Con- 
taining more oxygen than in the preceding cafe, and enough to 
become an acid, though weak ; as in the fulphurous acid: 3dly, 
Poffeffing ftill more oxygen than in the fecond inftance, and hav~ 
ing acquired powerful acid properties: Such is the fulphuric 
acid: 4thly, Conjoined with a larger dofe of oxygen than is ne- 
ceflary to conftitute a powerful acid, an acid in ic; when it is 
termed an oxygenated acid, or even fuperoxygenated. | 

XU. From the confiderations above enumerated, it follows, 
that we have two modes of forming at will acids with different 
proportions of oxygen. One is, to combine the radicals with 
fuch determinate quantities of oxygen as are neceflary to convert 
them into the ftate required, as is done with fulphur, phofphorus, 
or arfenic: ‘The other to extract from acids containing the great 
eft poffible quantity of oxygen, different proportions of this prin- 
ciple, by means of combuftible fubftances which abforb it with 
great avidity. 

XIII. The latter method, founded on the affinity of oxygen 
for different combuttible fubftances, is frequently employed with 
-fuccefs for the complete decompofition of acids, by depriving 
_ them of all the oxygen they contain. It is in this way, that acids 
‘inflame combuftible fubftances. To produce this effect it is fuf- 
ficient, that the acids employed do not contain oxygen in a ftate 
of folidity, and that the inflammable matter brought into contact 
with it will abforb it in a more’ folid ftate than that in which it 
fubfifts in the acid. But thefe conditions being requifite, inflamma- 
tion by no means takes place in all decompofitions of acids by 
combuttible fubftances. — 
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XIV. Hot charcoal is fuccefsfully ufed to decompofe all acids 
fufceptible of decompofition ; but it is not the only combutftible 
fubftance, that will anfwer the purpofe ; for moft metals, phol- 
phorus, fulphur, and hydrogen in a dry and folid ftate, as it exifts 
in vegetable compounds, poflefs the fame property. 

XV. All the acids, the fpecific nature of which is owing to 
their particular radicals, as has been already faid, may be divided 
into four clafles, according to the nature of their bafes being 
known or unknown, fimple or compound. 

A. The firft clafs includes acids with known and Sain ae 
cals, or fuch as are formed by the union of indecompofable com- 
buftible fubftances with oxygen. Its fpecies are the following : 
Sulphuric acid, nitric acid, carbonic acid, phofphoric acid, ar- 
fenic acid, tungftenic acid, and molybdenic acid. _ 

B. The fecond clafs comprifes acids with radicals that a are un 
known, but ftrongly fufpected of being fimple. In it may be 
reckoned the muriatic acid, fluoric acid, and boracic acid. Or 

C. In the third clafs I rank acids with binary compound. radi- 
cals. Such are all the vegetable acids, the common radical of 
which is a compound of hydrogen and carbon.. In this clafs the 
{uccinic acid fhould alfo be placed. 

D. To the fourth clafs belong all acids of Hirst the Ss 
are at leaft triple compounds. In this are ‘comprehended the 
animal acids, the radicals of which are combi of carbon, 
hydrogen, and azot. 

XVI. Not only is each a the claffes in the Benen fe€tion 
diftinguifhable by general characters inherent in it, but each in- 
dividual acid alfo poffeffles properties, by which it is characteriz- 
ed, and which prevent its being confounded with any other. 
And thefe properties may even be denoted by fimple and eafy ex- | 
preflions, by phrafes fimilar to thofe which naturalifts have learnt 
from Linnzus to employ. A {ketch of this method will be ¢ ex- 
hibited in the following feCtions. 

XVII. All acids with fimple.and known Bi ae are ‘capable 
of being decompofed by combutftible bodies, which they burn 
with more or lefs rapidity, and are thus reduced to their radicals. 
It is even by means of this decompofition, that the nature of 
their radicals becomes known. We can alfo form them from 
their conftituent principles, by uniting their radicals with oxygen. 

Acids with unknown radicals, which are fufpected of being 
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fimple fubftances from {trong analogy, have no other claffic cha= 
racte: than thofe of being infufceptible of decompofition by 
means of combuftible fubftances, and incapable of being form- 
ed by art. | 

Acids with binary radicals, or vegetable acids, are diftinguifh- 
able by the following chara€ters. 1. They are all decompofable 
by a {trong fire and a fufficient addition of oxygen. 2. In this 
decompofition they afford water and carbonic acid, formed by 
the disjun€tion of their hydrogen and carbon, each of which 
unites feparately with a portion of the oxygen. 3. They are de- 
compofed fpontaneoufly and flowly in a temperature above 53°, 
if diflolved in water.. 4. They cannot be decompofed by any 
known combuftible bady, their radical being compounded of two 
fubftances which have the ftrongeft attraction for oxygen of any 
with which we are acquainted. 5. They are convertible into 
each other; which is owing to the difference between them con- 
fifting folely in the proportion of:their three conftituent prin- 
ciples. 

Acids with ternary radicals, and thofe which are ftill more 
compound, or animal acids, though the leaft known of all, pof- 
fefs fame properties which may be deemed claffic characters. 
Such are thofe of affording ammoniac when decompofed by fire, 
and furnifhing pruffic acid on the proportion of their principles 
being changed. 

XVUI. To thefe claffic charafters their fpecific characters 
muft be added, attempting a language analogous to that of the 
botanift and zoographer. 


Acids of the firft clafi, or with fimple and known radicals. 


A. Sulphuric acid, formed of fulphur and oxygen by the com- 
buftion of fulphur, inodorous, twice as heavy as water, very cauf- 
tic, lefs volatile than water, affording fulphurous acid gas and ful- 
phur on being decompofed by red-hot charcoal, metals, &c., and 
forming fulphats with earths, alkalis, and metallic oxyds. 

B. Sulphurous acid, having a powerful {mell, very volatile, 
gafeous, deftructive of blue vegetable colours and removing ftains_ 
produced by thefe colours on white, gradually attracting oxygen 
from the air, and feveral acids or oxyds, and forming fulphits 
with earthy and alkaline bafes. 

C. Nitric acid, liquid, white, cauftic, of a ftrong and nau<« 

Vol. I, | | Cc 
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feous fmell, formed of avot ‘atid iy aier, inflaming fulphur, 
charcoal, zinc, tin and oils, yielding to combutftible bodies va= 
rious portions of oxygen, and ‘thus giving birth to nitrous acid, 
nitrous gas, or nitrous oxyd, deftroying colours, burning: and 
turning yellow vegetable and animal fubftances, converting them 
into acids, decompofing ammoniac, produced by putrefying ani- 
mal matter, forming nitrats with earths and 2 alkalis, remaining 
flightly united with metallic oxyds, and tending to _acidify them. 
D. Nitrous acid, the fame as nitric acid, except in having a 
{maller portion of oxygen, red or orange coloured in the ftate of 
fas, very volatile, depriving vegetables of colour, becoming blue 
and green on the addition of water, turning yellow nitric acid, to 
which it is united in different proportions, yielding nitrous gas 
on the contaé of combuftible fubftances, and forming nitrits 
with earths and a:kalis. ; 
E. Carbonic acid, formed of teri poeiihi parts of carbon with 
feventy-two of oxygen, a gas heavier than air and difplacing it, 
filling fubterraneous cavities, diflengaging itfelf from liquors in 
a a ftate of vinous fermentation, extinguifhing lighted candles, kil- 
ling animals, reddening only light vegetable blues, precipitating 
chalk from lime-water, re-diffolving the chalk in the water, mi- 
nerahizing acidulous waters, baryt, lime, copper, iron, and lead, 
in quatries and mines, forming carbonats with earths, alkalis, 
and metallic oxyds, decompofable by phofphorus alone, and when 
it is united to alkaline bafes, particularly foda in the ftate of car- 


4 


bonat. 

F, Phofphoric acid, compofed of phofphorus and oxygen unite 
ed by rapid and complete combuftion,. liquid, denfe, or folid, 
vitrifiable by means of fire, diflolving filex in the act of vitrifica- 
tion, decompofable by carbon which reftores it to the ftate of 
phofphorus, and forming phofphats with earths, alkalis, shy 
metallic oxyds. 

G. Phofphorous acid, ‘differing from the phofphoric ws in 
containing lefs oxygen, volatile, odorous, eliciting oxygen from 
various bodies, and forming phofphits with earthy, alkaline, and 
metallic bafes. 

H. Arfenic acid, formed of the metal called arfenic and oxy 
gen *, fixed, fufible into’a glafs, decompofable by means of a 


* Combuttion reduces arfenic to an oxyd only; nitric acid, or Gilera mu- 
atic acid, adds to this none the quantity of oxygen neceffary to convert it inte 


arfenic acid. 
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large quantity ‘of light and caloric, as well as by feveral combuf- 
 tible fubftances, and forming arfeniats with earths, alkalis, and 
metallic oxyds. Oxyd of arfenic, being alfo capable of uniting 
with thefe bafes, may be confidered as a fort of arcenious acid. 

_¥. Tungftenic acid, compofed of the metal called tungften and 
oxygen, a white or yellowifh powder, fixed, infufible, difficultly 
foluble, reducible to tungften by means of Aydrogen, carbon, &c. 
forming the native ‘tungftat of lime called /apis ponderofus, and 
the native tungftat of iron, or wolfram of mineralogifts. 

K. Molybdenic asid, compofed of the metal named molybde- 
na and oxygen, of a rough tafte, metallic like the two preced- 
ing fpecies, in a white powder, becoming blue on the contact of 
fuch fubftances as reduce it, and in confequence of the lofs of 
oxygen returning to the ftate of molybdena. 


Acids of the fecond clafs, or with unknown radicals. 


KIX. There are three acids, the radicals of which are un. 
known, though fufpected to be fimple: The muriatic, fluoric, 
and boracic.. 

_ A. Muriatic acid, gafeous or fluid, of a pungent fmell, unals 
terable by any known combutftible fubftance, on the contrary at- 
trating oxygen from feveral burnt bodies, particularly from me- 
tallic oxyds, and thus becoming oxygenated muriatic acid: The 
oxygenated muriatic acid is remarkable for its greenith yellow co- 
lour, its aCtion on the organs of animals which it thickens and 
contracts, its properties of divefting vegetable fubitances of cos 
lour, burning and inflaming moft combuftible fubftances, and 
forming with potafh a falt, which rapidly fets fire to heated ins 
flammable fub{tances, and affords the pureft vital air known. 

_ B, Fluoric acid, gafeous, forming a very thick white vapour 
in the air, corroding glafs, diffolving filicious earth, and form- 
ing with this earth a pecmanent gas, from which water feparates 
a part of the filex. 

C. Boracic acid, dry, ceived: in hexedral laminz, fufible 
into a glafs, poffeifing little tafte, difficultly foluble, melting with 
filex, having very feeble affinities, and refigning earthy or alkae 
line bafes to almoft all other acids. 


Acids of the third claf:, or with ale ah 


XX. Acids with binary mixed or compound radicals belong 
er ij 


f 
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. particularly to the vegetable ‘kingdom: and are formed by th ec 
union of carbonated hydrogen or hydrogenated carbon with ox 
gen in different proportions, which accounts, as has already been : 
faid, for their reciprocal converfion into each other. Thefe acids 
being pretty numerous, and capable of becoming ftill more fo by | 
daily difcoveries, I have divided them into five genera, in which — 
I have regard to their nature and formation. The firft genus in- — 
cludes the pure acids formed in vegetables, reckoning amongft 
thefe the fuccinic acid, which is manifeftly of vegetable origin. © 
In this there are five {pecies: The fuccinic, citric, gallic, malic, 
and benzoic acids. The fecond comprifes vegetable acids perfectly | 
formed, but partly faturated with potafh. Of thefe, which are 
~ termed afcidules, there are two fpecies, the tartarous and oxalic. 
In the third genus I clafsthe particular acids formed by the agen- 
cy of the nitric acid, and the precipitation of its oxygen upon — 
vegetable fubftances. We have yet but one diftint fpecies in 
- this genus, the camphoric acid ; though the oxalic and malic acids 
are frequently formed by treating vegetable fubftances with the 
‘nitric acid. In the fourth genus I place the acids formed in ve~ 
getables treated with fire. Such are the pyromucous, pyrolige- 
nous, and pyrotartarous acids. ‘The fifth genus comprehends ve= 
getable acids produced by fermentation, of which we afe ac- 
quainted with only one, the acetous. The following are the 
fpecific characters of the twelve acids here enumerated. 

A. Succinic acid, difengaged and fublimed from heated ; am- 
ber, of a ftrong bituminous fmell, oleaginous and inflammable, 
volatile, cryftallizable in the fhape of needles, forming perma= 
nent cryftallizable falts, particularly with metallic oxyds, and 
adhering more ea to the three alkaline earths than to alka- | 
lis. ' 

B. Citric acid, cryftalizable in rhomboidal laminz, not cowerté 
ible into oxalic acid by means of the nitric, having more affini- 
ty to earths than to alkalis, and {pontaneoufly decompofable in 

water, and by the action of fire. 

C. Gallic acid, abounding in galls, cryftallized 1 in little gray 
or yeliowith needles, ftyptic, precipitating iron black from its 
folutions, reducing metallic oxyds united to other acids, and 


convertible into oxalic acid by means of the nitric. 
D. Malic acid, abounding in apples, not cryftallizable, con- 


vertible into oxalic acid by means of the nittic, and forming at 


‘PHILOSOPHY OF CHEMISTRY. 37 


the fame time with the;malic acid, and even before it, in vege- 
tables treated by the nitric acid. 
E. Benzoic acid, obtained from benzoin, ft oli; balfam of 
Peru, vanilla, and cinnamon, by means of heat, cryftallizable 
into comprefled prifms, of an aromatic fmell when warmed, fu- 
fible by a gentle fire, volatile, inflammable, little foluble in wa- 
ter, foluble in the nitric acid, but not decompofable by it. 
_ F. Tartarous afcidule, formed of tartarous acid partly faturat- 
ed with potath, exifting-in wine, cryftallizable, decompofable by 
fire, affording a confiderable quantity of carbonic acid and oil, 
and leaving behind much carbonat of potafh, yielding alfo on 
diftillation pyrotartarous acid, little foluble, decompofable in wa- 
ter, forming triple falts with alkalis and metallic oxyds, and be- 
coming very foluble by the addition of borax or boracic acid. 
The tartarous acid, obtained from the afcidule, is cryftallizable 
‘in needles interwoven amongft each other, unalterable in the air, 
very foluble, forming anew the acidule by the addition of a lit- 
tle potafh, decompofing the fulphats, nitrats, and muriats of 
potath and feda, till they reciprocally form acidules, and con- 
vertible into oxalic acid by means af the nitric. 

_G. Oxalic acidule, formed of oxalic acid partly faturated with 
potafh, extracted from the juice of forrel, cry{tallized in paral- 
lelopipeds, little decompofable by fire, affording no oil, little 
foluble, and forming triple falts with earths and alkalis. The 
oxalic acid extracted from it is very foluble, and very cryftalliz- 
able, attracts lime from all other acids, perfectly refembles that 
which is formed from all vegetable fubftances by the contaé& of 
nitric acid, and is the leaft decompofable and moft oxygenated of 
fhe vegetable acids. 

' H. Camphoric acid, produced by diftilling camphor with 
nitric acid, cryftallizable in parallelopipeds, forming perfeétly 

eryftallizable falts with earths and alkalis, and not attracting 
lime from all the other acids as oxalic acid does. This acid is 
very little known. 

I. Pyrotartarous acid, a modification of the tartarous acid pro- 
duced by fire, of an empyreumatic fmell, and burnt colour, very 
rarefiable and {welling up greatly with caloric, not cryftallizable, 
and forming with earthy and alkaline bafes, falts different from 
thofe afforded by the tartarous acid, With this acid we are but 


hittle acquainted. 
C ij 
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oles Pyromucous acid, formed by the diftillation of gums, fugary 


or feculz, poffefling very powerfully the agreeable {mell of a 4 | 


lozenge, volatile, colouring vegetable and animal fubftances, red _ 


and decompofable by a ftrong fire. ‘This alfo is little known. 
L. Pyroligneous acid, extracted from wood by diftillation, of 


a pungent fetid fmellj not cryftallizable, decompofable by a — 


ftrong fire, volatile, forming peculiar falts with earths, alkalis, 


and metallic oxyds, and having particular attractions for thefe 4 
bafes, but in other refpects we are as hte neHURTS with It aS 


with the two preceding acids. 

M. Acetous acid, formed by the fcrmeniaiee of * wine, on 
which account it is called vinegar, of an agreeable fmell and 
tafte, volatile and liquid, decompofable by a ftrong fire, capable 
of being furcharged with oxygen when diftilled with metallic 
oxyds, and thus beceming acetic acid, or radical vinegar, which 
is more acrid and odorous than the acetous acid, inflammable, 
and mixed with alcohol. 


Acids of ihe fourth clafs, or with ternary radicals, 


XXI. Acids with ternary .compound radicals, which were 


fpoken of above as formed in general of carbon, hydrogen, and 
azot, united with oxygen, appertain more efpecially to animal 
- fubftances. With thefe we are flill lefs acquainted than with the 


preceding acids: But recalling here to the reader’s mind, that 


they all furnifh ammoniac on being decompofed by the a€tion of 
fire, and pruflic acid on a change in the proportion of their prin- 


ciples, I fhall remark, that the Pedic acid feems to be to thefe 


acids in general what the oxalic is to vegetable acids, and add, 


> that on converting animal fubftances into oxalic acid by the 
~ agency of nitric acid, pruffic acid is conftantly formed during — 


the operation, and evolved in the ftate of vapour. 


There are feven animal acids known, all of which appear to 


belong to this clafs of compounds, namely, the laétic, faccho- 
laGtic, febacic, lithic, formic, bombic, and pruflic acids. In 
each let us feek for a few charaCteriftic properties. 

A. Laétic acid, formed, with a little acetous acid, in milk 
{pontaneoully foured, not cryftallizable, foluble in alcohol, afford- 
ing on diftillation an acid analogous to the pyrotartarous, forming 
deliquefcent falts with earthy and alkaline baene and decompo= 
fing alkaline acetits. 
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> B. Saccholactic soul" precipitating as a white powder from 
oxalic acid formed by fugar of milk and nitric acid, little fapids 
{carcely at all foluble, decompofable by fire, when a falt refemb- 
ling benzoin in {mell fublimes from it, and forming cryitallizable 
| fats with alkalis. ‘This is very little known. - 

C. Sebacic acid, obtained from fat by the aétion of fire, fepa- 
rated from it alfo by alkalis and lime with the affitance of a 
ftrong heat, liquid, white, fmoking, very acrid in tafte and 
{mell, forming cryftallizable and fixed falts with earth and the 
alkalis, decompofing muriat of mercury, and decompofable by 
a ftrong heat. 

D. Lithic acid, exifting in human urine, forming the ftone in 
the bladder, dry, cryftallized in flat needles, almoft infipid and 
infoluble, in part volatile, decompofable by a ftrong heat, afford- 
ing ammoniacal carbonat and-pruflic acid by the agency of fire, 
forming a beautiful red folution with nitric acid, foluble in cau- 
ftic alkalis, and precipitating of a gridelin or reddifh colour 
from the urine of perfons labouring under fever. 

E.' Formic acid, obtained from ants by diftillation or expref- 
fion with water, reddening blue flowers while in the living in- 
fe&t, flying off in.a very highly odorous vapour, in fmell analo- 
gous to mufk, killing animals in this form of gas, capable of be- 
ing employed for the fame domeftic purpofes as vinegar, decom- 
pofable by a ftrong fire, taking oxygen from oxygenated muriatic 
acid, frequently ftronger than fulphuric acid, and forming cry- 
ftallizable and not deliquefcent falts with earths and alkalis. 

' F. Bombic acid, contained in a refervoiy near the anus of the 
chryfalis of the filk-worm, extracted from this refervoir either by 
expreflion or by means of alcohol, mingled with a brown oil 
and a gum while in the worm, liquid, of an amber yellow colour, 
decompofable {pontaneoutly, and affording pruflic acid by means 
of diftillation and nitric acid. In its combinations it is unknown. 

G. Pruflic acid, faturating iron and colouring it in pruffian blue, 
obtained at prefent by the diftillation of blood, or the action of 
nitric acid on albumen, gluten, animal fibre, &c., and difengaged 
in proportion as oxalic acid is formed, remarkable for a noxious 
fetid {mell, analogous to that of bitter almonds, very decompof- _ 
able by a flrong fire, and then affording ammoniac, fufceptible 
of the form of gas, taking metallic oxyds from a great number of 
other acids, capable of being artificially formed by the union of 

C iiij 
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hydrogen, carbon, azot; and oxygen, little acid in its tafte, and 
containing, as far as appears, very little oxygen. ee | 

XXII. It follows, from what has been advanced in the pres | 
ceding feétions, that if acids be divided into two claffes, diftin. | 
' guithed by having fimple or compound radicals, they will be found 
to differ principally in this circumftance, that thofe with fimple 
radicals are not convertible into each other, becaufe the proper- - 
ties of one,fimple radical, fulphur for example, vary much from 
thofe of another, fuch as phofphorus, whence it «vould be necef- 
fary to begin with converting thefe radicals into each other, which 
is far beyond the power of art: The acids of the other clafs, on 
the contrary, being formed in general of 'a bafe compofed of hy- 
drogen, carbon, and azot, united with oxygen, appear to differ — 
from each other only in the proportions of the two or three prin-= 
ciples which enter into the compofition of their radicals, and of- 
the oxygen united with thefe, have a tendency to undergo incef- 
fant changes in their compofition, efpecially from variation of 
temperature, humidity, &c., and fpontaneoufly pafs into diffe. 
rent flates. Thus, from the mere efforts of vegetation, plants 
contain different acids at different periods of their growth: And 
thus folutions of vegetable acids in water change, alter their na- 
ture, and ultimately yield a certain quantity of carbonic acid and 
water, as they arrive at the laft ftage of decompofition. | 

XXIII. If we attend to thefe fadts, it is eafy to perceive that 
there flill remain to be difcovered, not only the nature of feveral 
acids, with the compofition of which we are ee but: 
alfo perhaps a confiderable number of new acids, in plants and 
animals. For among the produtions of thefe organized beings, 
the principles of which we have only begun to inveftigate, we are 
far from having exhaufted all the poflible combinations of carbon, 
hydrogen, azot, and oxygen, as the moft fuperficial calculation 
will demonftrate. To this order of inveftigation and difcovery, 
we muft refer the examination of the acids indicated in cork, 
gray-peafe, and feveral other vegetable matters, as well as thole 
of the gaftric juice, the coagulum of the blood, eruoric acid, &c. 
It will be perceived too, from the fucceeding chapter, that moft 
burnt metals feem to enter into the clafs of acids, and comport 
themfelves as thefe falts, in a great number of combinations : So 
that acids appear to be the moft numerous of all bodies, and per- 
form the principal parts in the chemical alterations, which both 


. 
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fimple and compound {ubftances are deftined inceffantly to un- 


x 


dergo. 
Application of the Propofitions refpecting Acids. 
The artificial formation of fulphuric acid, by the combuftion 
of fulphur in the great. | 
The difcharging of colour from white linens and ftuffs, by 
' means of the fulphurous acid. 
The new art of bleaching, by means of the oxygenated mue 
riatic acid. 
The theory of the aqua regia of the ancient chemifts.' 
The art of engraving on glafs, by the fluoric acid. 
One part of the theory of the formation of artificial nitre- 
pits. 
The exiftence and formation of the known native acids. 
The influence of acids in mineralization. : 
The extraction and purification of vegetable acids and aci« 
dules. : 
‘The fpontaneous formation and deftruction of vegetable acids, 
Their reciprocal converfion into each other, by vegetation, 
fermentation, &c. 


- CHAPTER VIIL 


OF THE UNION OF ACIDS WITH EARTHS AND ALKALIS, 


1. Axx acids unite with alkalis and the alkaline earths, withe 
out being decompofed. The combinations thus formed, have 
been called neutral, middle, compound, or fecondary falts. To 
the firft two of thefe names they have no claim, unlefs when they 
are neither acid nor alkaline: The other two are more accurate, 
and of greater utility. All thefe falts are readily made by art ;- 
and nature exhibits a confiderable number of them, particularly 
of thofe the radicals of which are fimple. Mineralogy is con- 
tinually making new acquifitions in this branch of knowledge, by 
the analyfis of minerals, which alone is capable of unfolding to 
us their intimate nature. 

II. Every compound falt ought to have a double name, one 
branch of which fhould indicate its acid, the other its earthy or 
aikaline bafe. ‘The former has two different terminations an- 
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_nouncing the ftate of the acid. Words ending in at are employed | 
when the falt contains an acid faturated with oxygen, which is _ 
denoted by the termination ic: Thus nifrats are formed by the 
nitric acid : And words ending in zt, imply feeble acids, not fa- 
turated with oxygen ; for which, as has been already obferved, 
we ufe the termination ous: Thus the compounds of the nitrous — 
acid are nitrits. ’ nt 

III. As there are thirty-four kinds of acids known, and feven _ 
earthy or alkaline bafes, which may be united to form compound 
falts, the number of thefe falts might be eftimated at two hun- | 
dred and thirty-eight; but fuch a calculation would be far from 
exact ; for, ft, There are only few acids capable of combining . 
with filex; adly, There are others which cannot unite with cer- — 
tain earthy bafes, on account of their weaknefs, or with ammo- — 
niac without decompofing it ¢ 3dly, ‘There are feveral acids which © 
may be united to the fame bales in three ways, or remain at three 
different points of faturation with thefe bafes ; namely, with ex- 
cefs of acid, with excefs of bafe, and exaétly neutralized. Thus — 
we are far from being able to determine with accuracy the hum- 
ber of earthy and alkaline compound falts ; becaufe we are far _ 
from having fufficiently examined all thefe combinations, to at- 
tain a perfect knowledge of them, and affure ourfelves whether 
they be not fufceptible of feveral degrees of faturation, &c. 

IV. All the acids poffefling different elective attra€tions or af- _ 
finities for each alkaline or earthy bafe, it is neceflary to be fully — 
acquainted with the whole of thefe refpective affinities, before — 
we can have a complete hiftory of compound {alts ; and as a ve- 
ry few only of thefe affinities have yet been determined with ac- 
curacy, we are far from poffefling the general mafs of fats that 
relate to this order of bodies. Indeed, one-tenth of thefe com ‘ 
binations has not yet been duly inveftigated. 

V. To begin the hiftory of compound falts mes iabeatlg we 
achat divide them into genera and fpecies, and fix their generic’ 
and fpecific charaéters. As this branch of the fubjeét has not 
yet occupied the attention of chemifts, a flight fketch of it is all — 
that can be given; though, in the prefent ftate of fcience, it is 
eflential to employ the method of botanitts, 1 in the enunciation of 
chemical properties. 

There are two methods of dividing compound falts, to which 
xecourfe might be had; the one founded on their acids, the other 
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on their bafes: At prefent, however, it is from the acids only we 
~~ can eftablifh genera comprehending the whole of thefe falts, for 
they alone are capable of furnifhing generic charaCters; the in- 
fluence of the bafes on the properties of thefe compounds, not be- 
ing fufficiently known, to enable us to confider thefe earthy and 
alkaline fubftances, as the heads of the generical divifions. 

VI. Thus we may reckon thirty-five genera of compound falts, 
according to the number of the acids; and the generical names 
being taken from their acids, we have for thefe thirty-five genera, 
the following denominations :— 


Genus I. | oy oa ee SULPRATS. 
Genus II. SULPHITS. 
Genus III. ote NITRATS. 
Genus IV. ’ NITRITS. 

’ Genus V. me CarnonaTs. 
Genus VI. ‘ PHOSPHATS. 
Genus VII. , PHOsPHITs. 
Genus VIII. i ARSENIATS. 
Genus IX. P ARSENITS. 
Genus X. ‘TUNGSTATS. 
Genus XI. Mo.ysBparTs. 
Genus XII. MoriatTs. 
Genus XIII. - OxyGenatep Morzats. 
Genus XIV. FLUATS. 
Genus XV. BorATs. ; 
Genus XVI. .  SUCCINATS. 
Genus XVII. . Crrrats. 
Genus XVIII. GALLATs. 
Genus XIX. . Marars. 
Genus XX. -  BENzOoATs. 
Genus XXI. - Tarrrirs. 
Genus XXII. , - Oxaats. 
Genus XXIII. ; CaMPHORATS. 
Genus XXIV. * . PYROMUCITS. 
Genus XXV. : -  PyYRoLiGNits. 
‘Genus XXVI. . PyYROTARTRITS. . 
Genus XXVII. ACETATS. 

» Genus XXVIII... ACETITS. 
Genus XXIX, : Lacrars. 


ae 
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Geng XXKMM Ho owes Saceouars: 
Genus XXXII... .  +SEBATS. 

Genus XXXII... . Lrrszarts. 

Genus XXXII. 2. Formats. | 
Genus XXXIV. 05> Bompiarse 0 
Genus XXXV. -  PrussiTs. 4 


VII. Each of the thirty-five genera of compound falts above - 
enumerated fhould be confidered with refpe& to its difcriminative — 
characters, or thofe qualities which are fufficient to diftinguith it, 
and give an accurate idea of its difference from all others. For 
this purpofe, out of the properties difplayed by it, one, if pofhible, 
or at moft two or three, fhould be felected, of prominent fea- 
tures, and conftituting an eflential character of each ae I 
fhall now attempt a fketch of this fort. | ! 

Genus I. SuLPHATs : a by charcoal, ce into 
fulphures. | 

Genus II. Sutpaitrs: Yielding the fmell of burning ciliate : 
on the contaét of almoft all acids, with effervefcence. ... wos 

Genus III. Nrrrats: Accending combutftible bodies at dif. 
ferent temperatures, and almoft all of them reducible to their — 
bafes by the action of fire. * 

Genus IV. Nrrrirs: Decompofable by weak acids which | 
feparate from it red nitrous vapour. | 

Genus V. Carponats: Leaving the charac af sete bates 
more or lefs prominent; and producing with all acids a brifk and 
fenfible effervefcence, till their carbonic acid is completely evolved. 

Genus VI. Puospnats: Decompofable mediately or imme- 
diately by charcoal, which feparates from them the phofphorus. 

Genus VII. Puospuits: All decompofable immediately by 
charcoal, which feparates from them the phofphorus; and emit- 
ting vapours on the contact of fulphuric acid, &e. 

Genus VII. Arseniats: Affording, on the contaét of red — 
hot charcoal, the fmell and white vapour of arfenic; and not 
decompofable by acids alone, unaflifted by a double affinity. 

Genus IX. Arsgewits: The arfenious acid is feparated and 
precipitated from their folutions by the contact of all the acids, 
even of the arfenic acid. | 4 

Genus X. Tunestats:; Turning yellow on the siddbidn of 
nitric or muriatic acid. , | 
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Genus. XI. Mo.yspats: Not yet diftinguifhable till the mo- 
lybdenic acid is feparated from them by other acids, and in con- 
fequence of the characters exhibited by the molybdenic acid. 

Genus XII. Murrats: Affording muriatic acid by means of 
concentrated fulphuric acid, and oxygenated muriatic acid when 
aéted upon by the nitric. ; 

Genus XIII. OxyGenaTep Muriats: Accending all com- — 
buftible bodies at a lower temperature than they are kindled by 
nitrats, with a more vivid flame, and remaining in the flate of 
muriats after the combuftion is ended. 

Genus -Fivats: Yielding a vapour that corrodes glafs, 
on the wee eta fulphuric acid. 

Genus XV. Borats; Fufible, with or without feparation of 
their bafes ; and affording, when another acid is united with 
their folution, boracic acid in foliated cryftals. 

Genus XVI. Succtnars: Thefe are not to be known or cha- 
racterized but by decompofing them, and obferving their acid : 
Moft of them retain the fmell of burnt amber. 

Genus XVII. Cirrrats: Not fufficiently known for us to find 
in them generic characters: To diftinguifh them, the citric acid 
mutt be feparated by the moft powerful mineral acids. 

Genus XVIII. Gattats: All ftrongly characterized by their 
property of precipitating iron black from its folutions, and partly 
reducing the oxyds of filver, gold, and mercury, in feparating 
them from the menftrua in which they are diflolved, 

Genus XIX. Marats: Almoft all deliquefcent: Not to be 
known but by.obtaining their acid feparately by the aid of mine- 
ral acids. 

Genus XX. Benzoats: Afcertainable on difcerning the fmell 
of the benzoic acid, feparated by acids of greater power. 

Genus XXI. Tartrits: Sufficiently ftriking characteriftics 
for diftinguifhing thefe, are to be found in their tendency to com- 
pofe triple falts, and acidules lefs foluble than either the pure 
acid, or the neutral falts which the tartarous acid forms with the 
fame bafes. 

Genus XXII. Oxatats: May be characterized by their ten- 
dency to form acidules of difficult folution, and their property of 
decompofing all calcareous falts. 

Genus XXIII. Camrnorats: Too little known to have gene- 
ric characters afligned them: They are to be diftinguifhed by the 
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prefence of the camphoric acid, and the recognition of | Pe 
perties, when feparated. ! ERY Pea 

Genus XXIV. Prromucrts : Similarly P circumftanced : with 
camphorats. | 

Genus XXV. Prrozienrrs: The fame may be fuid of thefe. 

Genus XXVI. PyrotTartrits: mes rank with the three 
preceding genera. 

Genus XXVII. Bene Yet too Tittle diftinguithed from 
acetits: Evolving, when decompofed by mii a ah ae 
' ftrong and pungent white vapour. ee . 

Genus XXVIII. Acetits: All recognizable Bi y 
difengaged by means of fharper acids. _ ae 

Genus XXIX. Lactats: Very little knot "Their acid, ‘fe. 
parated by others, can alone characterize them. | 

Genus XXX. Saccnotats: As the laftats: Unknown. 

Genus XXXI. Sepats: Emitting the white vapour and acrid 
fmell of febacic acid on the contact of the ftrongeft mineral acids. 

Genus XXXII. Lrrutats: The weakeft of all falts in their ~ 
Panudeni being decompofable even by the carbenie acid. 

- Genus XXXUI. Formiats : Very little known, and geht 
nizable only by means of their acid. 

Genus XXXIV. ai tsbon te Similarly circumftanced with the 
formiats. 

Genus XXXV. PRUSSIATS : Catal charagierinen by their 
property of forming pruffian blue with folutions of iron. 

VIII. To determine the fpecific charaéters of nearly two hun- 
dred and forty-five fpecies contained in thefe thirty-five genera, 
they would require to be profoundly ftudied, and in this refpe& 
fcience is yet little advanced. While our knowledge is thus de- 
fective, it is of importance to indicate at leaft the path we ought 
to purfue, to complete the hiftory of thefe compounds, and to 
afcertain with precifion the method of age their pro- 
perties. 

Each compound earthy or alkaline falt prefents to our obfetias 
tion, 
ift, Figure, andthe virictits és that figure: This outs to 
be defcribed geometrically: ‘The inclination and degrees of its 
angles, the primitive formation of the cryftals, the interior form, 
their diffe€tion, and the laws of decreafe which determine their — 
varieties, fhould be detailed. 7 


the acid 
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adly, Its exiftence by art or nature, with a compariion of the 
native and artificial falt. 

3dly, Taite. tf 

4thly, The action of fire ; aes it be null, fufing, vitrify- 
ing, fubliming, or decompofing, &c. 

gthly, That of light. — 

6thly, The influence of the air; whether it be null, or impart . 
water to the cryftals, or elicit water from them. ~ 

ythly, The union with water, the quantity neceffary to diflo- 
lution at different temperatures, the caloric abforbed or evolved, 
the cryftallization produced by refrigeration or evaporation. 

8thly, The attraction of earths which modify the falt, decom- 
pofe it, produce no change in it, or unite with it to form a tri- 
ple falt. 

| gthly, The effect of alkalis on it; whether null, decompofing, 
or fometimes combining with it, fo that a triple falt is formed. 
tothly, The comparative a€tion of acids different from that 
which it contains, decompofing the falt, faneing its nature, or 
producing in it no alteration. 

t1thly, The operation of other neutral falts on it ; which may 
produce a complete union, forming a triple falt; a double decompo- 
fition, by an interchange of acids and bafes; a precipitation, in 
confequence of their attraction for water; or np alteration whatever. 

1athly, The diffolubility or indiffolubility of the falt in alcohol. 
~ r3thly, Its alterability or unalterability by means of charcoal, 
which may difcompofe its acid, or leave it untouched. 

14thly, ‘The influence of vegetation and fermentation on the 
falt. 

1sthly, and finally, Its action on the animal economy. 

* IX. If all thefe queftions were anfwered with precifion, in the 
prefent ftate of chemiftry, the hiftory of earthy and alkaline com- 
pound falts would not only be complete, but would throw con- 
fiderable light on various phenomena of nature and a which 
ftill remain plunged in great obfcurity. 

X. Some faline combinations of an acid with two bafes, par- 
ticularly magnefia and ammoniac, are already known: Thefe com- 
pounds bear the name of ¢ri/ules, or triple falts ; but a far greater 
number exifts, of which we are not fufficiently aware, and which ° 
demand all the attention that can be paid them by chemifts. ‘The 
earth conceals, both at its furface and in its fuperficial cavities, 

ya 
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faline compounds differing from thofe which art produces by the 
fimultaneous exiftence of two bafes, or even of two acids : Borat 
of lime and borat of magnefia have already been found cryftal- 
lized together in cubic quartz, phofphat of lime, and fluat of lime, - 
in the earth of Marmaroch and the Eftremadura ftone, &c. 


Applications of the Propoftions in this Chapter. 


The knowledge of native falts. 
The cryftallization and purification of ufeful falts. 
The phenomena of folutions. oF Sdacghent 
- The precipitation and preparation of alumin, magaeting &c. 
The attra€tion of lime, potafh, foda, and ammoniac for acids. - 
The formation of neutral falts by nature. 
All the details of halotechny.’ | 
- ‘The preparation of the nitric, muriatic, bursty and feveral : 
other acids. : 


CHAPTER IX. 


THE OXYDATION AND DISSOLUTION OF METALS. 


t. Merats have already come under confideration in the fixth - 
chapter, as indecompofed or fingle combuftible bodies, and been 
characterized by their moft ftriking properties. But thefe general 
obfervations are not fufficient: The important parts performed 

_ by thefe fubftances, in the phenomena of nature and the procefies - 
' of the arts, require, that they fhould be feparately examined, and 
with fufficient minutenefs to enable us to appreciate the whole of 
their influence. . 

Il. Though metals are capable of uniting in their metallic ftate 
with each other, with fulphur, with phofphorus, with carbon, 
and with combuftible fubftayces in general, it is much more com=_ 
mon to fee them combined with oxygen previous to their union 
with other bodies; or, in other words, for them to enter into the 
greater number of compounds of which they conftitute a part, 
it is neceflary, that they firft unite with oxygen, or be converted 
into the {tate of burnt bodies. Accordingly, all the fingular phe- 
nomena difplayed by metals in their combinations, and the changes ; 
of form they undergo, are owing to their attraCtion for oxygen, 
and the different proportions in which they contain this principle. 
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. II. Though there are various circumftances under which metals 
may be united with oxygen, they may be reduced in general to 
three. The firft is the contact .of air, affifted by caloric; the 
fecond is owing to the decompofition of water ; the third, to that 
of acids. In this triple view the oxydation and diffolution of 
metals are here to be confideted. : 
. IV. All metals heated in the air, and raifed to a temperature 
-more or lefs high, are fufceptible of burning with a vivid flame, 
great heat, and a true deflagration, either previous or fubfequent 
to their entering into fufion: thus they abforb oxygen in a fate 
of greater or lefs folidity : Thofe which oxydate flowly, and with- 
out perceptible inflammation, equally difengage light and ‘caloric 
from the vital air, but in fo fmall a quantity at a time, that they 
_are not rendered fenfible to our organs. 

V. Elevation of temperature favours the abforption of the oxy- 
gén of the atmofphere by metals, and renders the combination 
of this principle with thefe combuftible bodies more folid. 

VI. While there are fome metals which never burn in the air, 
except at a very high temperature, as gold, filver, and platina, 
there are others that burn at all temperatures, even.the loweft, 
and with great promptitude ; as manganefe, which oxydates, and 
falls into powder, in afew hours, on the contact of air feveral 
degrees below the freezing point. Some, as iron, copper, lead, 
burn flowly, and in the courfe of fome months, in the air, even 
though cold. | 

Vil. All metals increafe their weight during this operation, 
which does not take place without the contact of air, and confe- 
quently abforb a principle, the oxygen of the atmofphere, with- 
out lofing any one. Neither the name of calcination, which was 
given to this phenomenon, nor that of, metallic calces, can be re- 
tained ; but inftead of thefe have been fubftituted the terms of 
combuftion and oxydation forthe operation, and of metallic oxyds 
to denote the metals thus burnt. 

VIII. The colours which metals difplay in burning, or with 
which their flame is tinged, appear to be owing to the diffolution 
_ of the metallic molecules in the light that is evolved. -Thus cop. 
_ per yields a green flame, &c. 

IX. Not only do all metals compared with each other abforb 
_ different quantities of oxygen to faturate them in. their combuf- 
~ tion by the contact of air, but each metal confidered feparately 
Vol. [. * : D 
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abforbs different proportions, and ftops at various points of oxydae 


tion, according to the degree of temperature to which itis raifed. 


Thus tin, lead, copper, iron, change colour and affume the tints _ 


of the rainbow, at the firft degree of fire to which they ate ex~ 
pofed in contact with the air: Lead fir! becomes a gray oxyd, 
next yellow, and laftly red: Mercury paffes from black to white, 


fromm white to yellow, and from yellow to red: Iron, at firft a. 


black oxyd, becomes next green, then brown, and ultimately 
- white : Copper is at firft a brown oxyd, from which it changes 
to blue, and its laft degree of ss hat sa imparts 1 to it a green 
eolour. 

X. All metals differ in their attraction for oxygen. From fomes 
as gold, filver, &c., oxygen is elicited by means of light almoft 
alone, or affifted with a very fmall por tion of caloric 5 others, as 
mercury, require for its feparation a great degree of fire, and much 
light; while the greater number do not part with this principle, 


merely by the mtervention of light and caloric. ‘To decompofe © 


oxyds of the laft defcription, they muft be heated with charcoal, 
which attracts from them their oxygen. 

Al. It is owing to this diverfity of attrative power for oxygen, 
that fome metals are deprived of it by others, as filver and gold 
are by almoft all the reft, mercury by copper, copper by iron, &c- 
We are not yet perfectly acquainted with all thefe degrees of at- 
traction, but the prefent {tate of our knowledge indicates the fol- 
lowing order of the metals, beginning with that of which the ate 
traction for oxygen is moft powerful: sees ee me: iron, tin, 
copper, mercury, filver, gold. 

Ail. Various metals decompofe Wana; and és the more fens 
fibly and rapidly the higher their temperature is raifed, becaufe 
then the abundant quantity of caloric employed more forcibly 


attracts and diffolves the hydrogen. Thus iron decompofes water 


swith great rapidity when it is of a white heat, though it requires: 
a confiderable time to effect its decompofition at the highe® tem- _ 


perature our atmofphere ever attains. 
XU. Iron, zinc, tin, and antimony, appear to 7 esipcie of 


decompofing water: It is probable, too, that manganefe, and © 


even fome other metallic fubftances, are equally capable of effect- 
ing this purpofe. This decompofition is attributable to a ftrong- 


éf attraction for oxygen, than hydrogen poffefles: Whence it ; 
follows, that hydrogen completély ‘decompofes the oxyds of thofe 
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which do not decompofe water. But it is requifite here to dif. 
tinguith the different degrees of oxydation: For the oxyd of iron 
highly oxydated, or oxydated brown, is partly decompofed by 
hydrogen, and reverts to the ftate of black oxyd, becaufe iron 
is capable of iliciting oxygen from water only to that degree 
which oxydates it black, and beyond this degree of oxydation 
decompofes it no longer. 

XIV. All metals capable of decompofing water effeét this 
operation with more cafe and rapidity, when aflifted by the con- 
ta&t of a fubftance which has a great tendency to unite with 
their oxyds. Frequently even metals, like other combuftible bo- 
dies, which alone would not decompofe water, are rendered ca 
pable of it by the prefence of fome other fubftance, which adts 
by a predifponent affinity. ‘Thus almoft all metals are enabled 
to effect the decompofition of water by means of acids. 

XV. Metallic oxyds have this peculiarity in their combinations, 
that they feem, with regard to acids, to perform the funétions 
of alkalis, or earthy and alkaline bafes; though, on the other 
hand, they are capable of uniting with earths and alkalis, as if 
they were a fort of acids. Of the latter, indeed, there are fewer 
than the former ; and it is obfervable, that they which faturate 
alkalis in the manner of acids, are in general thofe to which oxy 
gen moft powerfully adheres, as antimony, lead, iron, and man- 
ganefe. It has already been faid, in Chapter VI. that there 
are three metals which are truly acidifiable. 

XVI. Metals cannot be diffolved by acids without being pre- 
vioufly oxydated: For this reafon, fuch metallic oxyds as are 
foluble in acids, diffolve in them flowly, and without effervefcence ; 

while metals themfelves cannot be diffolved in the fame men- 
 ftruum, without motion and effervefcence being produced. 

XVU The effervefcence occafioned by the diffolution of metals 
arifes from this, that, in abforbing oxygen, they take it from a 
principle which affumes the form of gas, or elaftic fluid. This 
principle proceeds either from the water, or from the acid, em- 
ployed in the procefs, according as the one or the other is de+ 
compofed ; and fometimes it originates from both, when both 
are decompofed at the fame time by the metal. 

XVIII. Sulphuric acid thus decompofed by metals, sn in 
a concentrated ftate, gives out fulphurous gas; and nitric. acid, 
nitrous gas. 
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XIX. Sulphuric acid diluted with water, greatly facilitating 
the decompofition of the aqueous fluid by means of metals, evolves 
in this procefs hydrogen gas: This is eminently the cafe in the 
diffolution of iron or zinc by dilute fulphuric acid. | The phof- 
~ phoric acid acts nearly in the fame manner as the filphuric with 
metals. : 

‘XX. Nitric acid is not only Qommeoret by fever! tele, His 
alfo admits the decompofition of water at the fame time. For 
this it fuffices, that the metal diffolved in it be extremely greedy 
of oxygen: Such is particularly tin. In this cafe, the hydrogen 
of the water, uniting with the azot of the nitric acid, forms 
ammoniac ; for which reafon thefe folutions afford no’ gas, and 
contain ammoniacal nitrat. Hence we underftand how moft fo- 
lutions of the white metals in nitric acid evolve ammoniacal. vam 
pours in the injection of quicklime. . 

-XXI. The muriatic acid, as it is incapable of paar Aber 
pofed by combuftible bodies, of itfelf diflolves few metallic fub- 
ftances. It attacks only fuch metals as poffeis fufficient avidity for 
oxygen to decompofe water: Accordingly, during the diffolution 
‘of metals in the muriatic acid, hydrogen gas is always evolved. — 

XXII. Not only is the muriatic acid incapable of being de 
-compofed by metals, but it alfo poflefles the property of attract | 
ing oxygen from moft metallic oxyds: in doing which it paffes | 
‘to the flate.of oxygenated muriatic acid. To ‘this {trong affini- 
ty for oxygen the muriatic acid owes its property of eafily dif- 
-folving metallic oxyds, on which account it is employed with 
fuccefs for diffolving the oxyd of iron, which other acids are un- 
able to attack. If metallic oxyds be furcharged with oxygen 
-when we diffolve them in muriatic acid, an effervefcence arifes, 
becaufe a part of the acid flies off in the form of oxygenated 
-muriatic acid gas. If the oxyds be only at the proper point of 
oxydation for uniting with this acid, they diffolve in it without 
‘any movement or effervefcence, as falt or fugar willin water. ~ 

XXIII. The boracic and fluoric acids unite but feebly with 
- metallic oxyds: They do not diflolve pure metals, becaufe they 
“are not decompofable by them; but they enable water to. Oxy= 
date fuch of them as have moft affinity for oxygen. It is the 
fame with the carbonic acid, which unites well with moft me- 
-tallic oxyds, and is often found combined with them in nag 
native ftate. — 
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. XXIV. Metallic acids are eafily decompofcd by very combuf. 
tible metals: They unite very perfeCtly with their oxyds, and: 
are frequently found thus combined in a native ftate. _ 

ERY, Acids of the vegetable and animal kind, or of which the 

radicals are formed by hydrogen and carbon, are not decompofed 
by metals; but they render water extremely decompofable by them, 
and unite with metallic oxyds with confiderable folidity. Many of 
them occafion thefe oxyds to revert to the metallic ftate. 
_ XXVI. The oxyds of metals cannot unite with acids, and 
{till lefs remain combined with them, unlefs they contain certain. | 
‘proportions of oxygen: If they have lefs than the. determinate 
quantity, no union wit take place; if more, they will feparate 
from them. _ y 

XXVIII. Befide this general truth, there is another of the 
he kind peculiar to each acid and each metal; which is, that 
they cannot remain reciprocally united, but waka certain limits 
of oxydation, and thefe oftentimes very confined. There is a 
determinate proportion of oxygen in the combination of an acid 
with a metallic oxyd. 

_AXVUI, It is in confequence of this law, that metallic folu- 
tions expofed to the air grow turbid, and form a precipitate, in 
proportion as the metallic oxyd, by abforbing oxygen from the 
-atmofphere, becomes gradually infoluble in the acid. This is 
the reafon of the decompofition, which, the atmofphere effects 
on moft metallic fulphats and nitrats. 

XXIX. It even, frequently hie that metallic oxyds dif- 

folved in acids reaét by degrees on thefe falts, and take from 
them, though in, clofe veflels and without the contaét of ‘air, a 
portion of their oxygen, fo that they foon feparate, and are preci- 
pitated to. the bettom of the folution. 
XXX... Heat is eminently favourable to this fuccefhve decom- 
pofition of acids by metallic oxyds.. .Thus nitric folutions, when 
heated,. grow turbid, or become more and more decompofable by 
air and water, which i is particularly remarkable in the nitric folu- 
tion of mercury. . 

' XXX. There are. metals which ' haye fo maa tendency to 

pl themfelves with acids, that they cannot remain united, 

or form, permanent folutions with them... This is particularly the 

cafe with thofe, which have the property of becominga cids, or 

forming oxyds, capable of combining with alkalis; as arfenic, 
D ii} 
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tungften, molybdena, antimony, tin, iron, &c.; accordingly we find 
the folutions of thefe metals, efpecially in the nitric acid, are al- 
ways loaded with precipitates, and contain little or no metallicoxyd. 

XXXII. .From what has been faid it appears, that, to form 
metallic falts, the oxyds of metals muft remain united with acidsy 
and haye no tendency to feparate from them. It is requifite toos 
that we do not augment their affinity for oxygen, or bring them 
into contaét with this principle. i 

XXXII, Metallic compound falts have always, or almoft ot 
ways, an excefs of acid ; All of them likewife are more or lef 
acrid or corrofive, which fhows a tendency to been acid in 
moft metallic oxyds, 

XXXIV. Thofe properties of metallic falts with whicks it ig 
of importance to be acquainted, may be included under the role 
bowing heads. : 

1. Figure, and its varieties: 2. Sapidity or canhicity, more or 
tefs ipobvet fal 3. Alteration by means of light: 4. Fufion, defieca+ 
tion, decompofition, by means of caloric, more or lefs marked : 
5. Deliquefcence, efflorefcence, or decompofition, more or lef$ 
complete, by the a€tion of the air: 6, Solubility in water; warm 
or ply decompofition more or lefs promoted by pure water 

: 4. Decompofition by earths and alkalis; nature of the 
ous oxyds precipitated ; complete precipitation, or forma=_ 
tion of triple falts, partly alkaline or earthy, partly, metallic : 
8. Alteration of the metallic oxyds precipitated, at the inftant of 
their precipitation, either by the air, or by the nature of the — 
alkali employed for the precipitation, as happens when ammoniac 
is ufed: 9. Reciprocal alteration by different acids; decompofis 
tion taking place, or not; affinity of acids for the metallic oxyds 3 
changes of the oxyds difcoverable by their colour: ro. Alteration 
by earthy or alkaline neutral falts, whether exhibiting an union 
- without decompofition, or a double decompofition : 11. Recipros. 
cal aétion of metallic falts on each other, announcing e¢ither 
fimple unjon, a fimple change of bafes by the acids, or a dif- 
placement of oxygen precipitating both the oxyds, one becaufe ae 
is partly difoxydated, the other becaufe it is fuperoxydated, as is 


the cafe, for example, in the ufeful precipitation of the muriatig 


folution of gold by the muriatic folution of tin, which furnifhes 
the purple precipitate of Caffius : 12. Union with earthy or aiiaag 
fulphures 5 ; the formation of a kind of a fulphurous ares. | 
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XXXV. Metallic oxyds have different degrees of affinity with 
acids, and fome may be employed to decompofe combinations of 
others. But the different aflinities of metals for oxygen are the 
_ moft important caufe of the phenomenon of the precipitation of 
metallic folutions. ‘Thus feveral metals, by taking oxygen from 
others diffolved in acids, occafion their reappearance in the me- 
tallic form ; as mercury does with filver, copper with mercury, 
iron wth copper, zine with iron, &c. Sometimes metals do not 
deprive metallic oxyds diffolved in acids of all their oxygen; 
which occurs when the precipitating metal has no occafion for 
all the oxygen of the metal diffolved, to aflume its place in the 
acid: Thus tin, when it precipitates the oxyd of gold, does not 
elicit from it all the oxygen it contains, but fuffers it to precipi- 
tate in a peculiar ftate of oxydation. Metallic oxyds, in divid- 
ing oxygen among them in new proportions, precipitate with 
properties which deferve to be more accurately inveftigated than 
has hitherto been done. 


| Application of what has been faid in this Chapter. 


The preparation of all the metallic oxyds ufeful in the arts. 
Coloured glafs, enamels. 
Metallic falts of ufe in the arts. 
_ The effects of thefe falts in the arts in which they are em- 
ployed. | 
The folution and parting of metals, 
The precipitation of metallic oxyds by alkalis and earth. 
_ Thefe applications are in general fo ufeful and multifarious, 
that they cannot be exhibited unlefs in the particular hiftory of 


‘each metal. 


CHAPTER X. 


THE FORMATION AND NATURE OF VEGETABLE SUBSTANCES, 

1, hae Sabitances ahh st es the texture of vegetables 
differ from mineral fubftances in. this, that they are of a more. 
complex order of compofition, and though all are extremely fuf- 
ceptible of decompofition or analyfis, not one is an abject of 


fynthefis. 
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Ek Nothing but the texture of living vegetables, nothing but 
their vegetating organs, can form the matters extracted from 
them; and no inftrument invented by art can imitate the com=- | 
pofitions, which are formed in the organic machines of plants. 

III. Though vegetables form all the the materials which con- _ 
{titute their texture with four or five natural fubftances, caloricy 
light, water, air, and the carbon derived from fome remains of | 
plants decayed into mould, we find an extreme variety in the | 
properties of thefe materials. ‘Thefe may be reduced, however, 
to a certain number of principal heads, under the name of zm-=— 
mediate materials of plants, becaufe they are obtained from them 
by fimple proceffes, almoft wholly mechanical, by a fort of direct 
analyfis, which does not alter their nature: x ae 

IV..Thefe matters, which are more or lefs Heed are’ 
placed..in particular organs, veflels, diftiné cells, &c. Some- 
times their feat is in the root, or ftalk, bark, and leaves, at the n 
fame time: At others they are contained only in the flowers, — 
fruits, or feeds, and even in certain parts of thefe organs. This 
particular fituation of the immediate materials indicates the dif- — 
ferent organization of the texture of the part, as the caufe of the | 
various nature difplayed by each of them 

V. The different place occupied by each of thefe cents arf 
vegetables often enables us to obtain them eafily feparate and 
pure. It is fufficient, when this local diftribution occurs, to 
bruife and open the veffels or cells which contain them, and ex- 
prefs their liquid juices.. Nature: herfelf frequently exhibits. this 
{eparation at the furfaces of plants, even by the: power of vege- 
tation: Thus the fap, manna, gum, refin, &c. fpontaneoufly flow;~ 
though art is often obliged to feparate from each other feveral of 
thefe materials united and confounded together. The means it 
employs for this purpofe are ufually fimple and eafily praétifed ; 
fuch as reft, filtration, expreffion, ablution, and diftillation with 
a gentle heat, which produce no ce in NE i oye hig 
jected to thefe :proceffes.’ 7 

VI. Among the materials of hesbatte bodies cbstnae fy | 
fimple’ means, which change not their nature, may be reckoned | 
the following fubftances, either fluid or folid’: “°° "Se 
~~ 7, The extrative matter, OF extract, yy ee colyoo 

“g.. Mucus, or mucilage. rs 
3. Sugary 
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4. Effential falts. | 
5. Fixed oil. 
6. Volatile oil. | 
- 9. Aroma. 
» 8. Camphor. 
~ g. Refin. 
ero. Balfan.** 

- -¥1. Gum-refin. 

ti LBS Fecula. 

13. Gluten. 
- 14 Colouring matter. 
_ 15 Elaftic gum. 

. 16. The ligneous part. | 
_ Befide thefe fixteen principles, a fubftance analogous to animal 
albumen has been difcovered in the analyfis of vegetables ; and it 
is probable, that fome other unknown vegetable principles exift, 
as the matter proper for tanning hides, or tannin, &c. 

VII. It is neceffary here to be fully aware, that, on reducing 
all the fa&ts of vegetable analyfis to general terms, or leading re- 
fults, nothing more has been found in any of the plants hitherto 
examined, than the eighteen fub{tances abovementioned ; fo that 
we may aflirm, that they actually compofe the texture of all 
known vegetables, and that a very accurate analyfis is made of 
a vegetable, when we feparate thefe from it. Yet it is not to be 
underitood, that all thefe eighteen immediate materials are to be 
found in the different parts of vegetables, or even in each vege- 
table taken all together. There are plants, all the parts of which 
do not furnifh fo many as five or fix of thefe materials: Others 
contain eight or ten; fome afford them all. But fuppofing we 
could mingle and blend together, even chemically, all the plants 
which have ever occupied the attention of the chemift, this mix- 
ture, this combination, confufed in appearance, would exhibit 


-only the fixteen or eighteen above mentioned fubftances, as the 


refults of the moft accurate and refined analyfis ; whence we are 
juitified in faying, that vegetables are formed of thefe immediate 
materials. _ , | 

VIII. Each of the materials above announced has peculiar di- 


- ftinguifhing properties, among which thofe that can mark its 


characters, and render it eafily difcernible from the reft, fhould 
be felected. It is by no means impoflible to. treat this fubje& 


e 
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after the manner of botanifts, and fa tiave but one charaCteriftic 
or fpecific phrafe for each of thefe materials: And though this 


method has never yet been propofed or executed in chemiftry, I 


fhall endeavour to prefent a fketch of it in the fucceeding fe&tions, _ 


as I have already done with refpe& to acids and meee falts. 


t 


Charaéters of the immediate materials of Vi ‘anthiles i 


IX. eeiones MATTER, or ExTRACT: Dry; brown; a 
little deliquefcent ; foluble in water; obtained from the juices of 
vegetables by infpiffation, or from decoétions or infufions of them 
by evaporation ; affording by diftillation an acid, a little ammo- 
niac, and fome oil; abforbing oxygen from the atmofphere, ‘and 
by this abforption becoming gradually infoluble ; erroneoufly con- 
fidered as a native foap; compofed of carbon, hydrogen, azot, 


and oxygen, and always tending to abforb more ve oh laft we t 


it contains in its primitive ftate. 

X. Mucus, or Mucinace: An agglutinative, sae inf ibis 
fubftance ; affording much pyromucous acid on diftillation ; fo- 
luble in both warm and cold water; abforbing no oxygen ate the 
atmofphere 5 drying and becoming brittle in the form of gum; 


exifting in roots, young ftalks, and leaves; iffuing from the — 4 


of trees by expreflion; gluing their fibres together. 

XI. SuGar: Sapid and agreeable to the tafte ; cryftallizable, 
foluble, and fermentable ; in moft circumftances setembtine mu- 
cilagt, but differing from it in the property of fermenting and 


forming alcohol. Both mucilage and fugar are compounds of — 
carbon, hydrogen, and oxygen; differing from extrat, 1ft, By — 
poffefling a fmaller proportion of hydrogen, on which account 
they do not abforb, like extra€t, the oxygen of the atmofphere; 
2dly, By the abfence of azot, whence they afford no ammoniae 


on diftillation. 


— XW. Essenriat sar'r: Comprehending the seit videnial 


formed in general of hydrogen and carbon more oxygenated tham 
in the three preceding principles: Accordingly thefe are con- 


vertible into acids by the addition of oxygen. Vegetable acids, 


however numerous they may be, appear to differ only in the pro-= 


> oo” 


portion of their three principles: They are all decompofable ‘by ‘ 


fire, capable of being converted into each other, and, on an ul- © 
timate analyfis, are reducible to water and carbonic acid see the 


addition of oxygen. See win Vil. 
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XUL Freep ott: Formerly called grofs or expreffed oil ; thick, 
fweet, inodorous; burning when volatilized; forming foap with 
cauftic alkalis; mixed with a mucilage named the fweet prin- 
ciple of oils by Scheele ; infpiffating and becoming concrete by 
the contact of air and abforption of oxygen; experiencing the 
fame effeéts by the a€tion of acids and metallic oxyds; compofed 
of carbon, hydrogen, and a little oxygen. It differs from the © 
preceding compounds in containing a larger proportion of hydro- 
gen; whence arife its combuftibility, and its property of being 
converted into water and carbonic acid, when it burns with a 
fafficient quantity of air, as it does in the hollow wicks fur- 
rounded on all fides with air, which conftitute Argand’s lamp. 

XIV. VoiaTite o1L: Heretofore named effential oil, or effence: 
Highly acrid, highly odoriferous ; entirely reducible to vapour at 
a heat of 184°; combining difficultly with alkalis ; capable of 
being fet on fire by acids ; infpiffating to a refin by the action of 
oxygen; burning more rapidly, and affording more water than 
fixed oil, and admitting more fpeedily the precipitation of its 
charcoal, which forms lamp-black. - 

XV. Aroma: Formerly called /piritus refor: A very volatile 
principle, reducible to vapour by the ordinary heat of the air, 
and forming an atmofphere round plants; pafling over with wa- 
ter in diftillation in ba/neo Maria; fometimes of an inflammable 
nature, at others difplaying faline properties, uniting with alco- 
hol, fixed oils, vinegar, &c.; forming by thefe combinations what 
are called in pharmacy dittilled waters; contributing by its pre- 
fence to the quantity of volatile oil diftilled from plants, and 
bearing fo great analogy to it, that they have been confounded 
together. The nature of aroma is not accurately known; fome 
begin to fufpect, that it is not a diftin& body, a fingle principle 
difengaged from vegetable matters, but thefe matters themfelves 
in fubftance reduced to a ftate of vapour. . 

XVI. Camruor: A matter now recognifed in a number of ve- 
getables, and claiming to be reckoned among their immediate prin- - 
ciples; of a concrete and cryftalline form; very volatile ; burn- 
ing with the emiflion of fmoke; foluble in a large quantity of 
water, in alcohol, and in ether; exifting in feveral volatile oils ; 
contained pure in the trunk and leaves of the fpecies of laurel | 
which furnifhes it 3 too little known yet with regard to its inti- 
mate nature ; yielding a peculiar acid by means of the nitric 
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XVIL. Resin: A foft or dry fubftance ; little odorous 5 com= 
buftible; foluble in alcohol, but not in water ; uniting difficult. 
ly with: alkalis; little alterable by. acids ; originating from ip 
fpiffated volatile oil, and appreing to differ from it sare 
larger portion ofoxygens a il 
~KVIUL Batsam: Refin united aes benzoic wes more odon 
riferous than pure refin 5 affording its acid i in a concrete ftate 
the agency of fire and water; yielding it to alkalis or dashed Ps 
and approaching to refin after having loft: ate acudak eA ection ds ie 

XIX. Gum-resrn: A concrete juice ; partly foluble in water, 
and forming with it a kind of emulfion, as it does with vinegar, 
which has been fuppofed its-univerfal menftruum, but- till more 
foluble in alcohol; not exuding naturally from »vegetables. like 
refin, but extracted from their ruptured veffels, in the form of a 
white or coloured juice, of a fetid {mell more or lefs, refembling 
garlic. yi ghiys Jaw oad aaa 

XX. Fecuta: A sin leteanlitts dry, white, bayer combattiblell 
matter; affording much pyromucous acid on diftillation ; ; foluble 
in boiling water, and forming a jelly with this liquid ; convert~ 
ible into the oxalic and malic acids by means of nitric acid; €x-_ 
ifting in all the white and brittle parts of vegetables, patiaslaaal 
in tuberofe roots and gramineous feeds ; conftituting the bafe of 
the nourifhment ef animals, aad difpofed to become gesagt ag 
pace ue of their bodies. 

XXI.. Guuren: An elaftic, ductile body,. a an 12 Pa iy or 
membraneous:s ; infoluble in water; flightly foluble in ~alcohol 7 
affording a confiderable quantity of ammoniac on diftillation 5 Fy | 
putrefcible like animal matter ; turning yellow like it¢ on the con-_ 
tact of nitric acid ; convertible by this acid into oxalic acid 5 ce 
cafioning the difference between the farina of wheat and. other 
farinaceous fubftances, and pelhowring on it the sas of, be- 
ing made into a patte. # pains 1 

XXII. CoLouRING MATTER : dai attached, too me or ofhert 
chs the preceding materials; appearing variable in its natures 
fometimes foluble in, water ; at others, attackable only. by alkalis 
oils, or alcohol; indebted for the diverfity.of its properties to th 
different quantities of oxygen fixed in it ;. poffefling an. aitinitgl 
of attraction for alumin, oxyd of tin, &c.;,and capable . of coms, 
bining more or. lefs intimately with the textures. of of eer 
and animals. ory an aedpige@ wae 


i) 
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|. XXIII. Exastic cum: Analogous to gum-refin ; appearing to’ 
| €xift in feveral vegetables ; remarkable for the extenfibility and 
| elafticity it retains after deficcation; affording ammoniac when 
| diftilled ; diffufing a fetid fmell when burned; having been at 
| firft in the form of a white milky fluid, and converted from that 
| ftate to an elaftic folid, by the abforption of atmofpheric oxygen. 
| © XXIV. The ticneovus part, or woop: A matter too much 
| neglected hitherto by chemifts ; _conttituting the folid bafis of all 
| vegetables, but far more abundant in thofe which are hard; er- 
‘roneoufly confidered as an earth; infoluble in water; affording, 
on diftillation, the peculiar acid called pyroligneous ; containing 
a large quantity of carbon ; pafling to the ftate of three or four 
acids by the action of the nitric; and appearing to be the laft 
product of vegetation. * 

XXV. From what has been exhibited above refpeCting the 
immediate and known materials. of vegetables, it follows,. that 
they are all reducible, on an ultimate analyfis, to three or four 
principles, which are their primitive component parts; namely, 
Ahydrogen, carbon, oxygen, and, in many, azot; and that they 
differ from each other only in the various proportions of the ele- 
_ ments from which they are formed. Now, if we inveftigate, by 
fimple calculation, the number of different compounds that may 
refult from the union of three or four principles in every pofli- 
ble proportion, we fhall find, that a much larger number might 
-exift. But as each of the ternary or quaternary compofitions 
. which conftitute the immediate materials of vegetables, admits, as 
fay as it appears, a certain latitude of proportions, while retain- 
ing its general nature of extract, mufilage, oil, acid, refin, &c., 
it is eafy to conceive, that the different proportions of the prin- 
ciples included within thefe feveral latitudes, fet bounds. to:.the 
~vaft, immeafurable variety of colour, fmell, tafte, and confiftency 
which are obfervable in all the materials of vegetables, and which 
‘men difcern in fuch of them as they employ in their foals gar~ 
ments, habitations, &e. 

XXVI. On the fame confideration, it will not: be more diffi- 
cult to conceive, that vegetables muft vary in the nature and {pe- 
_cific properties of their materials, according to the feveral. pe- 
-riods of their vegetation; that they can never remain in the 
fame ftate ; and that the different fcenes exhibited in the periods 
-of germination, leafing, blooming, fructification, and maturity, 
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ka by side siebiie as ances are by black appearance. a | 
this the variouflly modified tafte, inceflantly changing colour, 
{mell not more ftable, and difference of texture, which charac- 
terize the feveral epochs of vegetation, afford inconteftible proofs+ 

AXVIT. A new ihn, repel from the pees sonia 


ftances. The acquifition of thie knowledge, mer to an appreci- ; 
ation of the changes wrought in vegetable matters by different che= | 
mical agents. Thus, we can no longer profefs ourfelves ignorant — : 
of the action of the deftru€tive agent fire on vegetable fubftances- 
_ From the preceding confiderations, are underftood how, when a_ 
complete vegetable, or any one of its different produéts, is fub- | 
jected to the adtion of fire, caloric tends to reduce thefe compli- 
cated compounds to more fimple ones, by’ occafioning the union 
‘of their principles, two and two together, in proportions very 
different from thofe which before obtained. By gently heating 
them, the hydrogen is extricated, which burns alone, and much > 
carbon remains: If they be ftrongly heated, the carbon is difen. 
gaged at the fame time with the hydrogen, they both burn in the 
air, and the only refiduum left, eonfifts of that {mall eens of : 
earth and falts, which conftitutes vegetable afhes. 

XXVIII. All the immediate materials of vegetables being Te- 
ducible in their ultimate analyfis to three or four original princi- 
ples, namely, hydrogen, carbon, oxygen, and a little azot in fome 
of them ; this analyfis, moreover, an{wering with the utmoft pre- 
cifion to the manner in which vegetables are nourifhed, grow, 
{pread; and perpetuate their fpecies, fince we know that vegeta. 
tion, to take place, requires only thefe fimple principles ; nothing — 
more femains, but to find how plants: appropriate thefe forts of © 
eleme ts, and combine them in their organic ftrainers, to com- — 
pofe. the different fubftances, the properties of which have been | 
announced. , 

XXIX. It appears beyond all doubt, that water is the fource 
whence vegetables derive their hydrogen; that they decompofe 
this fluid in their leaves, by the help of the folar light, abforb its 
hydrogen, which becomes fixed in them in the ftate of oil, or 
extract, or mucilage, &c., and feparate its oxygen, a great part 
of which, being ‘diffolved in light and caloric, flies off in the 
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ftate of vital air. Buta portion of the oxygen of the water is 
fixed at the fame time in the texture of the vegetable, in which 
it is retained chiefly by the carbon. a 

XXX. It is not fo eafy to account for the carbon that exifts in 
vegetables. Some natural philofophers fuppofe, that vegetables 
decompofe carbonic acid at the fame time with water, and abforb 
its carbon: But this fuppofition is not proved, though it has ac- 
quired ftrength, fince the decompofition of carbonic acid, coms 
bined with foda, by means of phofphorus, has been difcovered. 
Other chemifts are of opinion, that vegetable earths, mould, 
dung, and particularly the water of dunghills, furnifh the carbon, 
attenuate, and even diffolved in water; that plants abforb this 
principle by their roots; and that they do not extract it from 
carbonic acid. According to this hypothefis, manure affords only 
carbon, and the water of it is nothing more than a faturated fo- 
lution of this principle. To thefe data we mutt reftrain at pre- 
fent the theory of vegetation. 


Applications of the Refults of the tenth Chapter. 


The applications of the refults delivered in this chapter are 
extremely multifarious; they relate to agriculture, rural econo- 
iny, pharmacy, materia medica, and all the arts in which vege- 
table fubftances are employed. The following is a flight fketch 
of the principal features of thefe important applications : 

Germination. 

The developement of leaves. 

Blofloming. 

Fructification. 

The maturation of fruits and feeds. 

The fucceffive formation of gum, extradt, oil, refin, falts, fue 
gar, the colouring matter, and wood, in the different pe- 
riods of vegetable life. 

The growth of the woody fubftance, bark, &c. 

The pharmaceutical preparations of juices, extracts, effen 
tial falts, mucilages, oils, refins, gum-refins, aromatic wa- 
ters, &c. 

The arts of the fugar-maker, confectioner, miller, baker, 
ftarch-maker, vine-drefler, brewer, diftiller, varnifher, dy- 
er, paper-maker, indigo-maker, colour-man, flax-man, per- 
fumer, oil-man, foap-boiler, maker.of charcoal, &c. 

ys 
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CHAPTER XE. \, cae 


OF THE FORMATION AND NATURE OF ANIMAL SUBSTANCES : mH : 
‘THEORY OF ANIMALIZATION. | 


I. I, is an eftablifhed sta, wg weciout the aid of eae 
tables, animals cannot fupport their exiftence : Accordingly if 
has long been faid in natural hiftory, that vegetables are forme 
from minerals, and animals from vegetables. But if this truth 
have been long known, the mode in which thefe bodies are 
_changed, or reciprocally converted into each other, has. never yet 
been afcertained. On this point, however, the labours of che. 
mifts fhould be principally exerted : For, were this problem. chal 
folved, it would lead us to a precife knowledge of all that cond 
cerns the animal economy: And fome refults conducive to this 
grand inquiry are already afforded us by modern difcoveries. 

Ii. The moft certain means of folving this important prog 
blem are unqueftionably firft to acquire an accurate knowledge 
of animal fubftances, to compare them with thofe of the aoe 
table kingdom, and to inveftigate with care their difference or 
analogy. ‘There is no doubt, were thefe differences once well 
known, they would enable us to underftand the near from’ whic a 
they arife. 

lil. If we compare the refults of all the raopeme sovabytee) al 
of the blood and humours, and of the folid parts which mani 
feftly originate from the concretion of thefe, we thall find, a 
animal fubftances differ from vegetable fubftances in. 

A. The property of affording a confiderable portion of ammo= 
niac, and very fetid products, ‘a the a€tion of fire : 4 

» B. In that of putréfying more rallity, and, more, >» tpeedily, and! 
giving out a far more noifome imell: 4 

C. In yielding, when acted mpeR ed nitric as much more 
azotic gas: and 4 

- D. In contributing fingularly to the formation of nitric acid. 

IV. All thefe differences feem to depend only. on the prefenc 
| of one principle in animals far more abundantly than in, vege 

tables; which is azbt. It may be faid, therefore, that the addi 
tion of azot to vegetable matters would fuffice to convert ‘hele 
into animal {ubftances. AVE MG OCR, ict eae al 
6 4 
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V., Yet it is proper to obferve, thatto thefe primary differ- 
ences, which may be termed capital ones, fome other particular 
phenomena may be added, the influence of which, though un- 
doubtedly inferior, on the animal compofition, ought by no 
means to be neglected. Such, among others, is the prefence of 
phofphoric : acid, ‘and the different sh ctahata. particularly thofe of 
foda, lime, a ammoniac, in the animal humours. ‘To thefe 
falts are owing the peculiar quality of the coal of animal fubftan- 
ces, efpecially i its being almoft incombuftible. 

VI. The peculiar principle, which is fo abundant in thefe fub- 
ftances, and more efpecially renders them different from vege- 
table matter, azot, appears, then, to be the efficient caufe of the 
properties which diftinguifh them, and _ particularly of that fort 
of concrefcibility, or plafticity, which will foon be confidered 
more at large. It may be affirmed, therefore, that, if we were to 
deprive animal fubftances of azot, they would become again in 
fome meafure vegetables; as, to convert the latter into animal 
fubftances, it is fufficient to combine with them, or introduce in- 
to them, azot. 

VII. Thus all the matters which form the bodies of animals 
may be confidered as fo many immediate principles, as was done 
in the preceding chapter with regard to vegetables. In the fame 
manner each of thefe principles ought to be characterized by the 
enumeration of its moft ftriking properties. If we fo examine 
and defcribe the blood, milk, bile, fat, urine, &c., and the folids 
of animals, we fhall obtain a comparative {cale, which will ex- 
hibit the relations and differences that form the objeCt of our 
fearch. 

VIII. Broop: A red fluid; warm at a temperature of 93° in 
man, quadrupeds, and birds ; at the temperature of the medium 
they. inhabit in oviparous quadrupeds, ferpents, and fifhes ; 
{weetith 5 coagulable by cold; mifcible with water ; feoaatnc 
almoft {pontaneoufly into thee different fubftances, white ferum, 
red ferum, or the colouring part, and fibrous matter ; exhibiting 
jn each of thefe fubftances diftinguifhing peers namely, in 
the ferum, alkalinity, coagulability by fire, metallic oxyds, &c., 
coagulability owing to the more intimate combination of oxygen . 
the fame general nature in the red ferum, which differs from the 
white only in the prefence of oxyd of iron ; in the fibrous matter, 
or fibrin, fpontaneous concrefcibility, and folubility in alkalis. 
Vol. I. E 
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Thefe {principal chara&ters ought to be confidered i in the whole 
of the blood, which appears to be the primary principle of all 
animal fubftances, the common origin of all the humours and of 
all the folids. It has been called fluid flefh, in confequence of 
the fibrin, which concretes in it on cooling. The caufe of its 
heat has been difcovered in the alteration and abforption of vital 
air in refpiration: And the renovation of the blood by the chyle, 
and the converfion of the chyle into animal matter, have in like 
manner been fourid to originate from the extrication of a confi 
derable quantity of carbon and hydrogen, which appears to take 
place in the lungs. 

IX. Mix: A white fluid, bland and. facchating; forttied: of 
ferum, cheefe, and butter, intimately mixed, and exhibiting a 
true animal emulfion. In the ferum of milk we fhould parti- 
cularly notice the fubftance called fugar of milk, which may bé 
faid to have the character only of an incipient fugar, and the 
quantity of phofphat of lime, more abundant than in the other 
humours, which feems to indicate, that nature thought fit to 
place in the firft nourifhment of animals a quantity of offeous 
bafe, with a view to the neceflary celerity of the formation and 
growth of the bones in the earlieft ftage of their lives. The 
cheefe is a true albuminous matter. ‘The butter is a concrete oils 
the folidity of which, and its eafy feparation from the milk by 
fimple agitation, appear owing to the abforption of ne Sie 
oxygen during the formation of the cream. : 

X. Bive: an oily faponaceous fluid; compofed of an oil ap= 
proaching the ftate of fpermaceti and foda, mingled with albu- 
minous fluid ; formed in the liver, a vifcus which itfelf contains 
a large quantity of oil. In the fyftem of the voluminous gland 
juft mentioned, every thing indicates a difpofition, an organiza= 
tion, defigned to feparate from the blood the large portion of fat, 
which arifes from the retardation of this fluid in the venous fyftem_ 
of the abdomen. This confideration, deftined fome day to bet 
come one of the principal bafis of the phyfiology hinted at above, 
accounts for the bulk of the liver in the foetus which’ as not 
breathed, as well as in animals which have no refpiratory organ 
fimilar to thofe of man, birds, and quadrupeds. It alfo explains 
the origin of fome difeafes of the liver, scabies of its ‘cons 
cretions or gall ftones. ? + 

XI. Fat: A fort of oily matter ; formed at the extremities 
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the arteries, and a8 far as may be from the centre of motion and 
animal heat; affording a kind of refervoir, in which that large 
quantity of hydrogen which could not be evacuated by the lungs 
becomies fixed ; an oil united to a confiderable portion of oxygen, 
and containing befides febacic acid. This manner of confidering 
fat, is one of the moft ftriking points of modern phyfics as it re. 
gards animals. | 

XIE. Urine: An excrementitious fluid; more or lefs coloured; 
acrid, and faline ; remarkable for the large quantity of free phof- 
phoric acid, and phofphat of foda, ammoniac, and lime, which 
it contains, and {till more fo for the prefencé of a peculiar acid 
not yet found in any other animal humours, which is, now called 
the lithic, becaufe it forms the bafis of the ftones of the kidneys 
and bladder, which caufe the difeafe known by the name of li- 
thiafis. 

Urine has beet the fource of difcoveries highly valuable to the 
chemift, and muft be of others ftill more valuable to the phyfi- 
cian. Confidering it firft as a lixivium, defigned to carry out of 
the body 4 large quantity of faline matters, which would injure 
the due exercife of its functions, we mutft not forget that it is an 
evacuation, the proportion of the principles of which, varying 
according to the ftate of the body, becomes a kind of ftandard 
to fhow the modifications of the body, in health or ficknefs, by a 
feries of obfervations, which phyficians have already commenced 
under fortunate aufpices. We fhould confider it, too, as always 
containing the matter of renal and vefical concretions, which 
feem to require for their formation only a little longer refidence 
in the refpective organs than nature intended, or the prefence of 
a nucleus, which attracts, in fome meafure, the fucceiflive lithic 
ftrata. We muft alfo obferve the proportions of the different 
principles in the urine, particularly of the uncombined acids ix 
contains, and the phofphat of lime which it carries along with it ; 
for thefe, differing remarkably in difeafes of the joints, the apo- 
neurofes, and the bones, will at fome future period become, in the 
hands of ikilful obfervers, new means of difcovering the nature 
of thefe complaints, afcertaining their A Fi and perhaps in. 
furing their cure. 

XIII. Little can be faid here of Mle sitter scwnal fluids, fuch 
as the infenfible perfpiration, fweat, the gaftric juice, faliva, tears, 
the mucus of the nofe, the cerumens the feminal. liquer, &c., 
E ij 
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becattfe none’of thefe fluids have yet been much okie All - 
have unqueftionably their peculiar compofition, and differ in fome 
points, particularly in the proportion of their principles. Some of : 
thefe humours, with which modern experiments have. rendered 
us a little better acquainted, exhibit the union of a peculiar muz_ 
‘cilage with water, pure foda, phofphat of lime, and phofphat of 
foda: Such are the tears, the nafal mucus, and the fpermatic fluid. © 
Of thefe the firft and fecond difplay likewife the. property of in- 
fpiflating by the contaét of the air and the abforption of oxygens 
which probably conititutes the maturity, as it is called, of the hu- 
mours in catarrh, whether it be confined to the nofe and faucesy 
or extend to the lungs. The feminal liquor has offered us the | 
fingular phenomenon of the cryftallization of pbolpbet of limes 
which was never before known. 
XIV. On confidering the whole of the  folid ‘matters. phidhl 
compofe the various textures of the different organs, of animals, 
the fubftances of which they are formed may be divided into three 
principal genera: The firft comprehends the albumen 3: ‘the fe- 
cond, the gelatin, or gelatinous. matter ; the third, the fibrin, or 
fibrous matter: Two of thefe have already been diftinguithed un- 
der the article of blood, in the eighth fection of this chapter. I 
fhall do no more here than give a concife {ketch of the conftant 


phenomena, which may be confidered as the characters of cach, 
of thefe genera. | | 


GENUS 1. 2d 


AipumEN : Coagulable by heat, acids, oxyds, dnd in general 
by oxygen in a concrete or nearly concrete. ftate; foluble by al- 
_kalis ; found more. or lefs condenfed or oxygenated, and inter 
woven in the membranes, tendons, cartilages, anes in general, 
all the white parts of animals. oy Ne 

: GENUS II. Lepr: 

Gexartin: Participating the folidity of the firft in moft of re 
white organs, but capable of being feparated from it, and. eafily 
diffolved by boiling water, to which it gives the form of a jelly 
on cooling. As it conftitutes the bafe, or. principal part, of all 
the white organs in general, thefe are more or lefs completely fo- 


luble in boiling water, and form tranfparent ielligs by the Bi 
geration of thefe folutions, : 
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GENUS nt 


Fisrin: ‘Tafoluble in water, at any temperature ; : foluble in, 
acids ; containing a large quantity of azot ; condenfed, concrete, 
and ofganized, in mufcular flefh, which 1 may be regarded as the 
proper receptacle of “all the fibrin contained in the blood: Ac- 
cordingly, confidering the mufcles as the fecretory, organs of the 
fibrous matter of the blood, we ought to inveltigate all its modi- 
fications, with refpe€t to the quantity or proportion which fixes 
in thefe organs, and.more particularly with regard to their appa- 
rent exclufion of it under various circumftances of difeafe, old 
age, &c. 

XV. Thefe three matters, albumen, gelatin, and fibrin, ina 
ftate of concretion, of combinations of two and twa, or all three | 
together, and efpecially in different proportions, form all the folids 
of animals, and are feparable from each other by a fimple and 
eafy analyfis: ‘They alfo, particularly the albumen, form many 
of the fluids of animals; only in thefe they contain lefs oxygen, 
more water, and are combined with acids, neutral falts, &c. It 
mult be obferved, that in the fluids, the gelatin is as deficient as 
in the folids it is abundant, appearing to acquire its nature of ge- 
latin in pafling from the fluids to the folids, Albumen diffolved 
in acids by art affumes properties analogous to thofe of gelatin. 

~ XVI. The folid animal matter, or bony fubftance, is of another 
order of compofition. A large quantity of an earthy falt, almoft 
wholly infoluble, phofphat of lime, is amaffed in the texture or 
primitive parenchyma of the bones. This is the whole myftery 
of the ftructure and compofition of this part of the animal frame ; 
and for this reafon bones yield jelly on being bailed in water, and 
a confiderable quantity of oil and ammoniac on diftillation; and 
when thoroughly calcined, or hurnt, they are nothing more than 
calcareous phofphat, mingled with fome {mall portion of carbonat, 
muriat, and phofphat of foda. 

XVII. When any one of the preceding animal matters, par- 
_ ticularly of the condenfed white fluids, or white organs, is treat™ 
ed with nitric acid, there will be extricated a more or lefs confi- 
derable quantity of azotic gas, and of prufhe acid gas, which ap- 
pears to be nothing but a combination of azot,, hydrogen, and 
carbon, with a little oxygen. Gelatin yields, the leaft, albumen 
fomewhat more, and fibrin the moft. In proportion as this change 
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of combinations in the principles of animal matters is effected by 
means of the nitric acid, they feem to revert to their ancient ftate 
of vegetable matter, from which they do not effentially differ, as 
has already been faid, but by the prefence of azot, their propor- 


tion of carbon and hydrogen not being the fame, and greater com- — 


plication i in the number of principles, from a combination of which 
they are formed. Thus inftead of being ternary compounds, ag 
vegetable fubftances are, animal matters are quaternary | com- 
pounds, and even {till more complicated. Azot is. the fourth 
primitive principle, which is miperadaed to hydrogen, cabo, and 
oxygen. 

“XVIII. Accordingly, the converfion of vegetable into animal 
matter,. which confifts only in the fixation or addition of azot, 
| mult be confidered as the principal phenomenon of animaliza- 
tion: This alone explains its chief myfteries; and when once we 


are perfe@ly acquainted with the mechanifm of this addition of — 


azot, moit of the functions of the animal economy, which effec 
it, or depend on it, will become equally known. - ; 


XIX. What we already know of the fubjeat is metic ta 


the following confiderations. The phenomenon is not fo much 


\ 


owing to the fixation of a new quantity of azot, as to the fub- 
tra€tion of other principles, which increafe its. ‘proportion. In 


re{piration, the blood exhales a large quantity of hydrogen, and 
of carbon, either fimply diffolved in hydrogen gas, or converted 
into the flate of carbonic acid by the very aé of circulation, and 
in the vafcular fyftem, according to fome modern philofophers. 


In the cavities of the bronchia, during the act of refpiration, and 


by the inftrumentality of this aét, the hydrogen forms. water, 
which exhales in expiration, A portion of oxygen. appears. at 
the fame time to become fixed in the pulmonary blood, and, cir- 


culating with this fluid through the veffels, gradually combines _ 
with the carbon, fo as to form that carbonic acid, which is ex- 


- tricated from the venous blood in the lungs. It is eafy to con- 
ceive, that, by thus difengaging a large quantity of hydrogen 
and capa, refpiration muft neceflarily augment the proportion 


of azot. | The ftudy of the mechanifm of the other functions, 
which remains to be purfued, will undoubtedly lead to new dif- 


coveries, ftill more important than the preceding ; What has been 
erformed within a few years naturally prompts us to imagine, - 


that bia more will be done. The analogy of action which hag 
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been difcovered between digeftion, refpiration, circulation, and 
infenfible perfpiration, has begun to eftablifh on new views, 
more folid than were heretofore poflefled, a fyftem of animal phy- 
fics, which promifes an abundant harveft of difcoveries and im- 
provements. Unqueftionably it will be in purfuing the pheno- - 
mena of digeftion and growth in young animals, that an edifice 
equally novel and folid will be ereéted on thefe. foundations. 
Every thing is ready for this grand work; feveral philofophers 
purfue this unbeaten path of experience; frefh ardour, fpring- 
ing from thefe new conceptions, animates thofe who are engag- 
ed in this branch of phyfics; and the track they have juft begun 
to explore appears fuch as mutt lead them to more precife and 
accurate refults, than any that have hitherto been advanced on, 
the fun&tions which conftitute animal life. 


Applications of the Articles in this Chapter. 


The fun&tions of the animal economy, particularly 

Refpiration ; 

Digeftion ; 

Hematofis, or fanguification ; 

Infenfible perfpiration ; 

The fecretion of the bile ; 

Offification and ofteogony ; and 

Nutrition. 

The difeafes dependent. on rs see tmeTAtiEn of the hu- 
mours, &c. 

_ Animal concretions. 

The action of various medicines on the humours, &c. 

‘The arts employed in the manufacturing of animal matters, 
particularly thofe of the tanner, currier, preparers, of dif- 
ferent kinds of glue and fize, makers. of catgut, thofe 
who, extract oils, and thofe: who work on, horn, bone, 
tortoilefhell,  &c, 


CHAPTER XII. 


OF THE SPONTANEOUS DESTRUCTION OF VEGETABLE AND 
ANIMAL SUBSTANCES. 


a Wiss vegetables and animals are deprived of life, or 
when their products are removed from the individuals of which 
E iiy 
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they made a part, ‘movements are excited in ‘them,’ which’ te 
flroy their texture, and alter their compofition! ‘Thefe: move~ 
ments conftitite the different kinds of fermentation. - ~The ine 
tention of nature in exciting them is evidently, to render“moré 
fimple the compounds formed by vegetation | and animalizationy 
and to caufe them to enter into new combinations of’ different’ 
kinds. When a ‘portion of matter has been’ ‘employed’ for. forme’ : 
time in the fabrication of an animal or vegetable body, it mult 
be rendered up by it to form new wei debra as 8 foon’ as re 
functions of the body are at an end. EE OSE AOA 
“ILS From ‘the general definition of fermentation’ it would fuickp 
that there ought to be as many peculiar and different ferment 
tions, as there are vegetable and animal matters‘ tobe changed 
and decompofed: but feveral of them purfuing a fimilar path 
to arrive at a more fimple flate of compofition, the number of. 
fermentations has been reduced to three, the reus saestolte, 
and putrid. ey | LN EO Ee ema 
{iI Vinous fermentation, as its name ‘onus is that Syhich 
produces wine or alcohol. The faccharine matter is the only one 
which undergoes this fermentation, when diluted: with a certain 
quantity of water, and mingled with a third fubftance of fome 
kind, vegetable or animal, as extract, fale, fecula, or the like ; 
_ For it is now fully proved, that fugar and water alone never enter 
into vinous fermentation, The faccharine matter is ‘fo. abundant 
and generally diffufed through vegetable and even animal fub- 
ftances, that there are a great vninsbies of bodies capable of af- 
fording wine, or yielding alcohol. All fweet and faccharine fruits 
reduced ‘toa pulp, and more efpecially their © “expreffed juices, 
undergo a'movement, when they” are at a temperature of 62° or _ 
upwards, if they be’ ina large body, and particularly when nei- 
ther too thick nor ‘too thin. Hence: the great niumber of differ 
ent wines, cotiprehending’ the decoétions of- gram malted, and 
by this procefs converted in part into faccharine’matter, and even 
the vinous liquors made with milk, honey, blood, &c. 
IV. Vinous fermentation announces itfelf in faccharine liquors 
by an increafe of volume, the formation of a copious {cum which, 
cover their furface,-rifé of temperature, the’ difengagement | of 
a confiderable quantity of ¢arbonic acid gas, and the converfion 
of a {weet fluid into a fharp, warm, and pungent, liquor.’ rare 
V. The caufe of this fermentation appears to be owing, to. 4 


~~ 
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decompofition of water, a great part of the oxygen of which, 
attacking the carbon of the fugar, burns it, and converts it inte 
carbonic acid. At‘the fame time the hydrogen of the water at- 
tacks the fugar divefted of its carbon; and, combining with it, 
gives bith to alcohol. ‘Thus alcohol may be defined to be fugar 
minus a certain quantity of carbon, and plus a certain portion 
of hydrogen. This theory explains both the formation of ‘the 
garbonic acid évolved during the progrefs of vinous fermentation, 
and that of ‘the alcohol; as well as all the Properties of ‘this new 
produdtion. - are 

» NI. Pure alcohol is “a sine oe of a ftrong fimell, of a hot 
and acrid tafte ; rifing in vapour at ‘a temperature of 150°; in- 
flammable ; at any temperature; affording much water and carbonic 
acid “in burning ; yielding no fmoke in combuftion; mifcible 
with water in any proportion, and expelling its air and a part of 
its caloric while combining with it ; diffolving pure or cautftic al- 
kalis ; ‘decompofing acids, and convertible into ether by this de- 
compofition ; diffolving deliquefcent neutral falts, and feveral me- 
tallic ones ; taking from vegetables their volatile oil, aroma, Yefin, 
balfam, part of their gum-refin, and many colouring matters : 
Finally, of ufe in various proceffes of the arts, in confequence of 
thefe feveral properties. 

VII. The reader may have already remarked, that the form- 
ation of alcohol takes place at the expence of the deftruction of 
a vegetable principle, and that the faccharine matter undergoes 
a’ decompofition, which’reduces it toa more fimple term ; thus vi- 
nous or fpiritous fermentation is a commencement of the deftruc- 
tion of »principles: formed by vegetation: And thus it may be re- 
garded as one of the moyements eftablifhed by nature, to fimplify 
the order of compofition, which vegetable fubftances exhibits 

VIII. ‘The acid or acetous fermentation is the fecond natural 
movement, which contributes to reduce vegetable compounds to 
more fimple ftates of compofition.. This fermentation, which 
produces winegar, takes place only in liquors that have previoully 
undergone the vinous fermentation, It has been obferved, that 
the contact of air is neceffary to the produétion of vinegar: It 
has: even been perceived, that wine in turning four’ abforbs air; 
fo that a certain portion of the oxygen ‘of the atmofphere ap- 
pears tobe neceflary to the formation of ‘the acetous acid. 
TX: Dnqueltionably there are feveral other fermentations anaq 
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logous to that which forms vinegar, though their produdts are 
not yet well known, fuch for inftance are that of water mixed 
with ftarch, called. ftarch-makers four water, and thofe which 
form four bread, four kraut, and four liguours. Allthefe changes, . 

are to be confidered as means of decompofition fos fimplifying 
the. complex combinations of vegetables. 

_ &. Finally, after vegetable liquors, or their folid rs sriaithe 
ened, have paffed to the acid ftate, their decompofition, con- 
tinuing under favourable circumftances, namely a gentle or 
warm temperature, expofure to air, and the contact. of water, 
leads them into putrefaction, which terminates in volatilizing 
moft of their principles under the form of gas. Water, carbonic 
acid, carbonated and even fulphurated hydrogen gas, volatile oik 
in vapour, and, fometimes even azotic gas and ammonia¢, are. 
eyolyed ; and after this there remains nothing but, a brown or 
black refiduum known by the name of mould, formed of carbon 
fomewhat fat and oily, from which water ftill extra&ts fome fa- 
line fubftances and a little extraCtive matter. 

_XL- Nature, in organizing animals, and forming. shite fluids 
and folids by complex. compolitions, has placed in them a. germ, 
of deftruction, which developes itfelf after the death of the in- 
dividual. 
_. This deftru€tion is effegted by the movement bbe eee 
tion, which confifts in a kind of fermentation, a flow decompo- 
fition of the folid or fluid fubftances. Their order. of compofi- 
tion, being more complex than that of vegetable matters, ren- 
ders them ftill more fufceptible of the putrid decompofition...... 

XI. Animal fubftances compofed of hydrogen, carbon, oxygens 
and azot, and frequently ftill more complicated by the ‘union, of 
fulphur,, phofphorus, &c., when deprived of that movement, 
and more particularly of that renovation, which conftitute animal 
life, are foon altered by more fimple atttaGtions between. their 
principles, which have a tendency to unite two and two together, 
This reaction gives birth to binary compounds, fuch as the. car 
bonic acid, nitric acid, ammoniac, and carbonated hydrogen. gas, 
which gradually efcape into the atmofphere, proportionably di- 
minifhing the quantity.of animal matter. It is thus, in confes 
quence of a natural decompofition, that we perceive. this, animal 
matter foften, change colour and {mell, lofe its texture and form, 
and diffufe heave 1 the atmofphere vapours and gafes, which © 
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diflolve in the air and transfer to other bodies, particularly thofe 
of vegetables, the a Meals neceffary for their formation, _ 
XII. All the phenomena of the putrefaction of animal fub- 
{tances depend on the mechanifm here explained. In the union 
of hydrogen and azot we perceive the formation of ammoniac, 
which has been deemed the principal offspring of putrefaction, 
The combination of carbon with oxygen explains the generation 
_ and evolution of carbonic acid, in which all the myftery of pu- 
trefaction was made to confift, about the time when gafes were 
firft difcovered. Nitric acid, to the production of which it is well 
known how much animal fubftances contribute im artificial nitre- 
pits, arifes from the union of oxygen with azot. A certain quan- 
tity of hydrogen gas is extricated, and carries off with it carbon, 
fulphur, and even phofphorus : Hence the various noifome {mells, 
and perhaps the phofphorefcence, of all putrefying animal matter, 
XIV. When all thefe volatile principles have united two and 
two together, and diffufed themfelves in the atmofphere, nothing 
remains but a portion of carbon, combined or mingled with fix- 
ed faline fubftances, fuch as the phofphats of foda and of lime, 
Thefe refidua form a fort of mould termed animal earth, which 
frequently retains a little fulphurated and carbonated hydrogen 
gas, fat, and extract, and in this vegetables find in abundance 
the principles requifite for the formation of their materials. Ie 
is on this account, that the refiduum of animal matter is fo pro- 
per for manure, when fufficiently conco¢ted. 
XY. A certain portion of water is neceflary for this putrid 
decompofition of animal fubftances; it furnifhes them with the 
quantity of oxygen neceflary to the compofition of carbonic and 
nitrid acids; and it contributes highly to the produétion of the 
putrefactive movement, by the attractions of the oxygen it ine 
troduces to them. It is equally indubitable, that the hydrogen 
arifing from the decompofition of this water, contributes greatly 
to the formation of ammoniac ; For it is a well known fad, that, 
when animal matters are diluted with a large quantity of water, 
they furnifh abundance of ammoniac in their decompofition. 
XVI. Putrefaction, confifting in a feries of particular attrac- 
tions, is modified in many different ways by external circum- 
ftances, fuch as temperature, the medium the animal fubftance 
occupies, the ftate of the atmofphere, whether more or lefs light 
or heavy, moift or dry, &c. Thus dead bodies buried in the 
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earth, immerfed in water, or fufpended in the air, are different- 3 
ly affected ; and moreover their bulk, their quantity, their pro- 
pinquity to other bodies, and all the varying properties -of-the 
three mediums above enumerated, diverfi ify the effects produced. 

XVIL We have proofs of this affertion, in what happens to’ 
bodies interred fingly, and thofe which are buried in numbers 
heaped on. one another. The former, furrounded with a large 
quantity of earth, are foon deftroyed by putrefaction ; the aeri- . 
form or liquid produéts of which are abforbed by this earthy 
mafs; or by the atmofphere. The latter, not having around them 
this kind of earthy or atmofpheric recipient, remain a long time 
without being deftroyed 5 and ‘the animal matter is wholly con- 
verted into ammoniac and concrete oil, which are known to form 
a foap fimilar to that which is found in the foil of ee eth 
farcharged with. dead. 

XVIH. The phenomena attending the deftruétion of animal 
fubftantes immerfed in water are likewife different. As new 
products are formed, the water diffolves them, and tranfmits 
them to the air. Continual moifture, with a conftant tempera- 
ture fome degrees above 32°, favours the putrefaction of thefe 
fubftances, and their diffolution into a {tate of gas. On the con- 
trary, a hot and dry air, volatilizing the water, deficcates and 
hardens the bodies of animals, and preferves them almoft as well 
as the dry and burning fand of Eeypts fo abounding 4 in natural 4 
mummies. : 

XIX. Though all the circumftances of sites and the 
almoft innumerable varieties of the. phenomena they exhibit, are 
not yet defcribed, or even known, we have difcovered, that they 
aré confined to the ¢onverfion of complex fubftances- into fub- 
frances lefs compound ; that nature reftores to new combinations 
the materials which fhe had but Jent, as it were, to: vegetables 
and animals ; and that the thus accomplithes the perpetual circle 
of compofitions and decompofitions, which attefts her power, and | 
demonttrates her fecundity, while it announces equal Said | 
ane acre in the courfe of her Sperationss | 


Applications of the Propofitions. of the laft Chapter. rceias 
Befide the fubje€ts mentioned at the end of the two preced- 
ing chapters, to'which the articles of this almoft dire€tly apply, * 
Faye eed , seh lb “ th ea ee tet to 
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we find, in the feveral fads here enumerated, the following ap- 

" plications. 

The prefervation of all fubftances extracted from vegetables. 

The feveral fpontaneous alterations they undergo, the ace- 
tous fermentation, the vinous, &c. 

The products of thefe alterations, frequently abigyel for 
the purpofes of the arts. 

The produétion of ammoniac and nitric acid. 

The influence of putrefaCtion in the different regions of live 
ing bodies. 

The contagion and maladies produced by che effluvia of pu- 
trefied {ubftances. 

The theory of the fituation and management of ae 
drains, finks, layftalls, cemeteries, &Ce 
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CHEMISTRY. 


PART I. 
GENERARL FACTS AND OBSERVATIONS. 


CHAPTER I. 


DEFINITION OF CHEMISTRY; METHODS OF PERFORMING OPERA- 
TIONS; ADVANTAGES DERIVED FROM THIS SCIENCE, &C, 


Cuemists are not generally agreed on the moft proper defini- 
tion of chemiftry. Boerhaave, in his Elements, feems to have 
ranked it among the arts; or, to fpeak more accurately, he has 
defined only the practical part. Chemiftry, according to Mac- 
quer, is a fcience, whofe object is to difcover the nature and pro- 
 perties of all bodies, by their analyfis and combinations ; and 
this definition is indifputably the beft that has yet been given. 
But as it is certain that analyfis and fynthefis cannot, with 
equal fuccefs, be employed in all cafes where bodies are to be ex- 
amined, would it not have been better to have omitted mention- 
ing them in defining this fcience ? The chemift cannot arrive at 
the knowledge of the properties of bodies, but by bringing them 
into contact; and as the refult is derived only from the mutual 
actions of bodies on each other, we think the following defini- 
tion may be properly adopted: Chemiftry is a fcience which ex- 
| 2 
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plains the intimate and reciprocal action of all bodies in nature 


on each other. The facts hereafter to be related, will illuftrate 
this definition. To exhibit the extent of this fcience with per=-_ 


fpicuity and order, we fhall proceed to confider the objects or 


fubftances to which its refearches or operations are directed, the 


methods or means employed, and the = AR aR? propoted to be 
thence derived. 


§ 1. Concerning the objed?, the sa J Bs intention of chemifiry. 
The objects to which the attention of the chemift is directed, 


comprehend the whole of the fubftances that compofe the globe 
we inhabit, whether buried in its interior parts, or found at its 


furface. Chemiftry is, therefore, of equal extent with natural 


hiftory, the fame limits’being common to both 
Analyfis, or decompofition, and {ynthefis, or combination, are 


the two methods which chemiftry ufes to aceomplifh its purpofes. — 


The firft is nothing more than the feparation of bodies, whofe 
union formed 2 compound fubfance. ‘Cinnabar, for example, 
is compofed of fulphur and mercury; the art of chemilftry fe- 
parates the two, and by that means analyzes it. ‘Till very lately 
it has been generally thought, and there are ftill many perfons 
who retain the opinion, that this method is.more advantageous 
in chemical refearches than the other. This opinion had even 
zcequited fuch place in the minds of the learned, that many ’ writs 


ers have defined chemiftry to be the fdience of analyfis. But 


nothing can be more contrary to the accurate and well founded 
idea or degree of eftimation we ought to have of decompofition. 
In order to fhow this. important truth in its propex light, it is 
neceflary to diftinguifh two kinds of analyfis; the true, or fim- 
ple; and the falfe, or complicated; We call that the true ana- 


lyfis, by which the principles of a body are obtained,. without 


haying themfelves fuffered any alteration. The only diftinguifh-_ 


ing criterion of this 1s, that by recombining them, a body is 
again produced, abfolutely fimilar to that which before was ana- 
lyzed. Cinnabar will again furnifh us with an example. When 


by chemical methods, the two fub{tances which enter into the © 


compofition of this body, namely, mercury and fulphur, are fe- 
parated, they are found to be in a ftate of purity, fimilar to that 


they poflefied before, when united in the form of cinnabar;.for, — 


by uniting them, a body is again formed, in no refpedt differing 
6 | Ses 
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Hn the attisabia originally made ufe of. Uinréitindiely for the 
progrefs of {cience, this kind of analyfis is very rare. Chemifts are 
not fo happy as to be able to apply it to many of the bodies they 
make experiments with ; for except the neutral falts, and fome 
other mineral bodies, there are no other obftances in nature 

hat admit of its application. ° 

Phe falfe, or complicated analyfis, is that, by means of which, 
no other principles are feparated from a body, but fuch as in 

“original ftate poffefled fome other form, and confequently 
Wintlo, by their re-union, compofe again the body from which 
they were obtained. This kind of decompofition takes place in 
moft of the bodies analyfed by chemifts ; no other condition be- 
ing requifite, but that more than two principles enter into the 
combination to be examined, and that they have an affinity for 
each other. Many minerals, and all vegetable and animal mat- 
ters without exception, are capable of no other kind of analyfis. 
Thus it is that fugar, fubmitted to diftillation in a retort, affords 
an acid, an oil, and a coaly refidue, which might in vain be em= 
ployed in attempts to re-prodtce fugar by combination. This 
kind of analyfis does not fhow the fate i in which the principles 
were before their feparation, and ‘cannot, therefore, afford any 
confiderable information ; but, on the contrary, defetves to be 
attended to with the greateft caution. From refults of this 
kind, have arifen all the cenfure chemiftry is loaded with. It 
has been urged, that bodies were deptived of their organization, 
and abfolutely deftroyed in attempts to arrive at their principles. 
Neither can it be denied, but that this cenfure has been for a long 
time deferved ; but at prefent, the fcience of chemiftry, having 
become more 'circumfpect and enlightened, refufes its affent to 
the deceitful analyfis to which it formerly had tecourfe, and pof- 
feffes the means of inquiring into the properties and component 
principles of bodies, without deftroying or altering their nature. 
Tt proceeds ftill further ; it appreciates, as we fhall fhow in the 
examination of vegetable fubftances, the re-aétion of the prin- 
ciples upon each other, and determines the caufes’which thus 
modify, change, and alter thofe principles. 

Synthefis, or combination, which conftitutes the fecond me- 
thod of profecuting chemical inquiriés, is the formation of a com- 
pound by the artificial résunion of feveral principles. “Its utility, 
extent, and the dependence that may be placed on the refults “tt 
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affords, renders it by much the moft valuable niethod. We 
may even afirm, that there is not a fingle operation in chemiftry, 
in which fome combination does not take place. Chemifts do. 
not feem to have fufficiently attended to this important circum- 
ftance. In faét, the fynthetical operations, or events, are not 
only more frequent, but more ufeful, than the analytical 5 and. it 
would afford no very inadequate idea of chemiftry, if we were 
rather to term it the fcience of combination, than of analyfis. 
. Though thefe two methods are fometimes employed feparately, 
it is neverthelefs much more ufual. to find them united. It of- 
ten happens that a true analyfis cannot be made, but by the help 
of fome combination. Falfe analyfes, or decompofitions, are al- 
ways attended with fynthetical procefles, or new combinations. 
Jn a word, it is not unufual to find, that a kind of analyfis fol-, 
lows as a confequence from certain aéts of combination; an 
event, which has not been known till very lately. The difco- 
very of a great number of aeriform fluids, whofe exiftence was 
not formerly fo much as fufpected, has fhown, that in many ope- 
rations which were {uppofed to be fimple combinations, an elaftic 
invifible fluid is difengaged with effervefcence, and either efcapes 
into the atmofphere, or is received in veflels, in which the i inge- 
nuity of modern philofophers has taught us how to confine it. 
‘The greater number of combinations of two fubftances, hitherto 
thought to be fimple, exhibit this kind of analyfis ; and frequent ex- 
amples will offer themfelves when we come to treat of neutral falts, 
From this curfory account of the analyfis and fynthefis of. the 
| chemifts, it is eafy to be feen, that the whole art of chemiftry 
confifts in promoting the mutual a¢tions of bodies on each other, 
and carefully ebferving the -phenomena that take place. It muft 
not be’ forgotten, that thefe two methods are continually practifed 
in the grand operations of nature, of which the chemift is only 
an imitator. ‘The operations all depend on laws eftablifhed be- 
tween bodies, and require nothing more, in order to their being 
| perfeétly accomplifhed, than that the bedies to be examined be 
put into a fituation proper to act on each other. Thefe impor- 
tant truths require to be maturely weighed and confidered with 
the moft ferious attention, by the ftudent who is defirous of pe- 
netrating into. the depths of chemiftry : And thefe, together with 
other truths explained in this firft part, form the bafis of the 
Acience. | sn i | i eee 


q 


CHEMICAL ARTS. 83 


' Henee it is very eafy to form an idea of the end or intention 
of chemiftry, which is erroneouily faid to confift in the difcovery 
of the principles of bodies. For it is clearly fhown, that there 
are many bodies that cannot be feparated into principles, but are 
imple fubftances, as far as our prefent knowledge extends; yet 
thefe, though not fufceptible of analyfis, muft have chemical pro- 
perties, or powers of acting on other bodies, and of forming 
combinations: with them. ‘The true purpofe or intention of 
shemiftry therefore, is to inquire into the action of natural 
bodies on each other; to difcover the order of their combina- 
ions ; to eftimate the force with which they tend to combine, 
and to remain in a {tate of combination. 


§.2. Concerning the ufeful purpofes to which Chemiftry is applicable. 


To give a view of the numerous advantages mankind derive 
from this fcience, would require a feparate treatife ; and as the 
nature of this work does not admit of our purfuing that fubjec 
at large, we fhall content ourfelves with exhibiting the principal 
outlines, and dwelling more particularly on fuch fubje€ts, as in 
our opinion have not been feen in a proper point of view. 

The great number of arts that are indebted to chemiftry, may 
be ranged under two principal divifions. ‘The firft comprehends 
all the mechanical arts, which are reducible to geometrical prin- 
ciples. ‘The fecond contains all thofe arts, whofe manipulations 
depend on chemiftry, and may be properly termed chemical arts. 
This laft clafs is much more numerous than the other. As they 
are all founded on chemical phenomena, it is eafy to imagine 
that the rules of chemuftry ought to direct the practice, and that 
this {cience may fimplify the procefles by new difcoveries, render 
their fuccefs more certain, and even extend their limits. Among 
thefe are, 1. ‘The arts of making bricks, tiles, and the varieties of 
pottery; all which confiit in the preparation of different kinds of 
clay, and bringing them, by baking, to the requifite degree of 
hardnefs. . 2. The art of glafs-making, which, by uniting a vi- 
trifiable earth with a faline fubftance, produces a new fubitance, 
poffefling great hardnefs, tran{parency, and durabjlity, on eX- 
pofure tothe air; a wonderful art, which, in its various appli- 
cations, has been of the moft effential fervice to mankind. 4. The 
arts of extracting metals from their ores, of cafting, of purify~ 
ing, or of alloying them with each other, owe their origin and 
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progrefs to.chemiftry, and daily receive new advantgifieesitad 
fame fource.. 4. The vegetable kingdom affords materials toa. 
great ‘number of arts, which, like the foregoing, are under) the 
dominion of chemiftry : ‘The arts:of converting faccharine juices, 
or farinaceous bodies,’ into. ‘vinous liquors ; sof ‘extra@ting’ from 
thofe. liquors the ardent ‘fpirit they contain; of feparating the 
fpiritifrom the water, with which it is diluted in its firft fates a 
of uniting this fpirit to the’aromatic parts of plants: Thevart — 
of. extracting the colouring matter of plants, and applying itto 
different ftuffs: Of changing wine into vinegar, and. uniting this 
laft with various fubftances 5 of feparating from»grain and other 
parts of vegetables, the precious matter deftined to. form breads ») 
a digeftible and light fubftance prepared from a dry and infipid 
fatinaceous ‘powder ; all thefe arts, and a very great number of 
others that cannot be enumerated in this place; are entirely 
chemical, and are indebted to that fcience for their prefent per 
feCtion, and, in many inftances,. for their firft invention. © yn 
This valuable fcience has claims equally extenfive-and»impor- 
tant.on the arts that convert the parts of animals to our ufe and 
advantage.» Among thefe is the ufeful, though»too little confi- 
dered, art of cookery, whofe true purpofe ‘is lefs: to flatter the 
organs of tafte by capricious variations of form and flavour, than — 
to render aliments of eafy digeftion by developing their tafte by 
boiling, or by mild and natural feafoning. \ The arts of drefling, — 
tanning, and currying fkins, and of making hats, are of the fame 
clafs ; but one.of the moft. important arts which occupies the — 
middle rank between the arts, properly fo called, and the {ciences, | 
and to which it is particularly ufeful, is’ pharmacy. Every per-_ 
fon concerned in pharmacy, has need of a very extended know- | 
ledge of chemiftry, in order to know the alterations the matters — 
he ufes are fubject. to, that he. ‘may prevent’ and. correct. them 5 | 
to difcover the changes compound medicines undergo. and, in 
a word, to determine. inftantly the combinations and) decompo= i 
fitions that may follow from the ntixture of fimple drugs in exe | 
temporaneous prefcriptions. / Every impartial perfon who reflects | 
on this fubje€t, will determine, that fuch as are ‘neceflarily em= 
ployed in-pharmacy, fhould, after acquiring the previous know- 
ledge of natural hiftory, indifpenfable in becoming acquainted | 
with the Materia Medica; pay the moft ferious, and unremitted 
attention to’ chemiftry. ». By thefe means, »and) by thefe.alone,, it | 
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is, that the art of medicine can be reduced’ to principles, and” 
rendered equal'to' the performance of thofe fervices, which have 
long fince! placedit i in the honourable eftimation of fociety. 

A very tranfient profpect of the fciences, will fufficiently fhow ° 
the great benefits which they may: derive from chemiftry. Na-~ 
tural hiftory is among thofe that receive the higheft advan-— 
tages from it. ‘The characters employed by the early naturalifts 
to diftinguifh minerals, were taken only. from their phyfical pro- 
perties, as colour, form, confiftence, &c.; but thefe properties 
being fubject to great variation, the bodies mentioned or defcrib- 
ed: by the ancient philofophers are no longer known, and the. 
immenfe labours of the firit naturalifts are almoit entirely loft. 
The moderns: have perceived, that in order to avoid this incon- 
venience, fo deftructive to the progrefs of natural hiftory, it was 
neceflary to follow another method. The method of chemical 
analyfis appeared to deferve the preference ; andthe bufinefs is - 
already in fuch forwardnefs, that clafles are eftablifhed among 
minerals, founded: on the nature and quantity of the principles 
which enter into their compofition. It is to the labours of 
Meiirs. Bergman, Bayen, Monnet, &c. that we are indebted for 
the advancement of this part of natural hiftory. Wallerius, 
Cronitedt, and: feveral other learned men, began the tafk of claf- 
fing mineralogy upon chemical principles. M. Bucquet, in his 
latter courfes of lectures, improved on the knowledge thefe two 
celebrated, naturalifts have tranfmitted to us, by adopting a me- 
thed of clafling minerals on principles entirely chemical. M. 
Sage, who has analyzed a great number of minerals, has follow- 
ed a method purely chemical in his. difpofition of thefe bodies ; 
and, though his theory has not yet been’ adopted by any chemift, 
it’s certain that mineralogy is under great obligations to him 3: 
and that he ranks among thofe who have cultivated)it with the 
gveateft fuccefs in France. M. Daubenton has availed himfelf of 
the labours of all: his cotemporaries, and has adopted their me- 
thods and conclufions with that caution, which is the true cha- 
racter of a philofopher, whofe only aim is to difcover and obtain» 
the truth, feparated from the numerous uncertainties and errors, 
with which, unhappily. for mankind, it is too often attended. 
Nothing, therefore, can be fhown’more evidently than the advan- 
tanges refulting from the application of chemiftry to natural hif- 
tory, as itvis\the only. means’ of removing that. ob{curity that muft 
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attend fimple defcriptions of external appearances. The juft and » 
truly valuable obfervation of M. Daubenton, deferves to be cons _ 
ftantly attended to by all chemical philofophers. He warns 
them to be very careful in defcribing the {pecimens on which — 
they make their experiments, in order. that they may be under- 
ftood by all naturalifts, and to avoid that confufion, which, ac-— 
cording to that celebrated profeffor, prevails throughout the works 
of many modern chemifts. We have found no other means of - 
avoiding this error, than that of uniting both fciences in our lec- 
tures, and aflociating the knowledge obtained from the works of | 
naturalifts, with that which chemical experiments daily produce. _ 
It is not fo clearly determined in the opinion of the world in 
general, that chemiftry is ufeful in medicine. The errors of the 
chemical phyficians of the laft century, and the indifference many © 
practitioners of the prefent time feem to have for this fcience, 
have produced a difadvantageous opinion in the minds of many — 
perfons, which time alone can remove. In the mean time, how-— 
ever, it would be more prudent, inftead of entertaining an ill- 
founded prejudice, to inquire with impartiality into the caufe of © 
the errors committed by chemifts, into the means of preventing . 
them, and of reftoring to chemifry that eftimation it has unjuft- 
ly been deprived of. If the enthufiafm of the firft phyficians, — 
who cultivated chemiftry, mifled them, it does not follow that - 
any conclufion can be drawn from thence that may be applied to 
the prefent time. The exa€tnefs which the moderns have intros 
duced into every part of experimental philofophy, ought to re- 
move the apprehenfions of fuch, as for want of acquaintance — 
with the fubje€t, are apt to imagine that chemiftry is {till the | 
dark, myfterious fcience it was a century ago. By a due atten. 
tion to the extent of its powers, and a careful ufé uf them, there _ 
cannot be a doubt but it will be found of the higheft utility to 
medicine. After this acknowledgment of the wanderings of — 
the early chemifts, let us finifh the juftification of the fcience, | 
by inquiring what departments of medicine are capable of de- 
riving the greateft advantages from its afliftance. The two great 
branches of this vaft fcience, are theory and pra€tice 3 which © 
ought not to be feparated from each other, as fome authors. have — 
thought fit to do. The ftudy of medicine ought neceffarily to 
commence with the anatomical hiftory of man, and of animals. 


Anatomy can only be employed on the folids. But phyficloe 
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gifts muft be well aware; that the greateft part of animal bodies: 


is formed of fluids ; by the motion of which, life is maintain-_ 


ed. If, therefore, the attention were confined to the veffels, 
without attempting to arrive at the nature and properties of thefe 
fluids, we fhould be acquainted only with a part of the living 
economy. It belongs to chemiftry to examine them ; and it is 
chemiftry alone, that can throw any light on their compofition, 
and the changes they undergo, by the procefles there carried 
on during life. We cannot avoid having recourfe to this feience, 
in our endeavours to difcover the true mechanifm of the animal 
fun€tions ; the properties of the fluids feparated by the diffe- 
rent vifcera ; or the alterations fuch fluids undergo during their 
time of remaining in the refervoirs into which they are. fecreted, 
to underftand the changes produced in them by motion, by heat, 
and by their admixture with other fluids, &c. A knowledge 
of the compofition of animal fluids being once acquired, it will 
be neceffary to enlarge and multiply our refearches on fubjects 
of different age, fex, and'temperament, in various climates and 
feafons ; and to purfue them among the different claffes of ani- 
mals; that by eftablifhing ufeful points of comparifon, the li- 
mits of fcience may be extended. 

‘The labour of the medical inquirer, is not coiifined to the 
ftudy and examination of the properties of animal fluids in a 
ftate of health; but requires to be carried farther. The kinds 
of alterations they are fubje€t to, in the feveral diforders that 
afflict the human frame, muft be inquired imto. A difcovery 
what part of the animal liquids predominate in inflammatory, 
putrid, {corbutic, or fcrophulous diforders; or the analytical 
knowledge of the faline fubitances developed, and the nature of 
the extravafated matter, with numberlefs other objects of re- 
fearch, cannot but be of the utmoft value and importance. in 
the fcience of medicine. We think it equally neceflary to ex- 
amine the folids, by chemical methods, as well in the found as 
in the difeafed ftate; and, by a comparifon of their properties, 
endeavour to difcoyer to which of the fluids they owe their for- 
mation ; and this being known, we may proceed to conjecture, 
in morbific difpofitions, the folid or fluid that has fuffered a 
change. This pofition, which we flightly mention in this place, 
will be more largely explained in the chapters relating to animal 
matters. 
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If it be thus eftablithed, that the theory of medicine is. capable 
of receiving the moft effential advantages from chemiftry, it is 
equally certain that the practice is no lefs in need of the fame R 
afiftance ; fince both muft of neceflity accompany each others, 
and are promoted by the fame means. ‘And, in fad, it is ealy 
to fhow the immediate dependence of the practice upon the fcix 
ence we are juftly commending, without having. recourfe to the 
fecondary, advantage, the practical part of medicine cannot but 
‘receive from every real improyement of the theory. To begin 
with the art of preferving health : Nothing can be more evident. 
thant that the choice of aliments and of air, cannot be made with, : 
any certainty, but in confequence of chemical refearches i into the , . 
nature of foods, and the properties of the atmofpheric fluid. 
Chemifts alone can inform us of the quantity of nutritive raatteny. . 
contained in the aliments we make ufe of ;. the ftate it, 1s found 
in; the nature and quantity of the fubftances it may be. combin-. 
ed with; the means. of extracting, purifying, and preparing it, : 
{uitably to different {tomachs; or of giving it the due degree of. 
attenuation approptiated to every conftitution of the internal parts.» 
It is to this fcience that we muft apply for information, refpects 
ing the nature of the fluids that ferve us for drink ; the properties. 
which water, ought to poflefs for the purpofes of life, and the 
means of examining into its purity, or difcovering thofe. fubitan—» 
ces that vitiate it, but particularly the method of rendering it. 
falubrious, fo that it may be drank with {afety ; the principles and, 
properties of fermented, liquors ; and the methods of examining . 
into their compofition, as well as to. determine, their falubrity, . 
as the adulterations which they may have undergone, In a word, . 
it is chemiftry which fhows the properties of'the air which we re-_ ; 
{pire, and. without which, life could not for a moment be fup-. 
ported, The changes this fubtle fluid is liable to, from. various», 
agents, and the nature of thofe agents, the truly precious means. } 
of correcting its bad qualities, and rendering i it fitter, for the. 
grand purpofe of re{piration, are among the difcoveries of. MO0z,_ 
dern chemifts. ‘The efficacy of thefe means is eftablithed on the “ 
fureft grounds, as {hall afterwards be fhown in the hiftory, of ait, .. 
The phyfician ought not to make ufe of medicines, unlefs he. 
is acquainted. with their nature 5 and in the inquiry, he. mutt. 
have recourfe to chemiltry. This truth has been always : fo. well. 
eftablifhed, that writers on the Materia Medica have clafled, the, 
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medicaments according to their chemical principles. ‘The obfer- 
vation of all ages has fhown, that there is an intimate connec- 
tion, between the tafte of drugs, and:the manner of their acting — 
on the human frame; fo that a good judgment may be formed 
of the medical properties of a fubftance from its tafte. Thus it 
is that bitters are {tomachic, infipid fubftances are mild and re~ 
laxing, {weet and faccharine fub{tances nutritive, and acrid mat~ 
ters are active, penetrating, and incifive. Now, as the tafte is tru- 
ly a chemical property, depending entirely on the tendency of 
bodies to combination, as we fhall elfewhere fhow, chemiftry 
mutt of courfe be of great fervice in the adminiftration of medi- 
cines. It muft not, however, be concluded according to the 
chemifts of the laft century, that the {tomach refembles a veflel, 
in which operations are performed as in a chemical laboratory. 
The inteftines are endued with fenfibility, and a peculiar mo- 
tion, that modify the nature and effeéts of remedies; and the 
diferetion of an enlightened obferver, ought always to regulate 
his imagination, fo as to prevent his falling into any ridiculous 
hypothefis. It cannot be denied, but there are cafes wherein 
medicines aét in the firft paflages by means of their chemical 
properties ; and in thefe cafes the phyfician may reafon and. con- 
duct himfelf according to immediate deduétions from chemical 
principles. Thus it is proved, by long experience, that in the . 
difeafes of infants, the ftomach and inteftines are coated with a 
tenacious vifcous matter, of a manifeftly acid nature. ©The ab- 
forbent earths, and even the alkalis adminiftered on fuch occa- 
fions, deftroy this acid by combining with it, and form a neu- 
tral purgative falt that evacuates this‘noxious matter, by ftimu- 
lating the inteftines. Every diforder which is attended with an 
accumulation of obftruCting matter in the firft paflages, necefla- 
rily demands a knowledge of chemiftry in the exhibition of me- 
dicines, fince it is certain that fome fubftances act more power- 
fully on this matter than others, as acids for inftance on putrid 
faburrze, and neutral falts on thick and glairy fubftances. But the. 
greateft advantage the practitioner can derive from this know- 
ledge, is, without doubt, in thofe unhappy cafes, wherein by 
miftake or defign, corrofive fubftances have been taken that. might 
prove mortal by attacking the vifcera, and deftroying their orga- 
nization, Chemiftry.then lends its ready and ineftimable aid to. 
medicine, by affording fub{tances capable of changing the nature 
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of the poifon Ww decompofition ; or of otherwife immediately 
{topping its pernicious effets. The work of M. Navier, a cele- 


brated medical chemift of Chalons, points out the moft efficae 


cious means of preventing the deftructive confequences of the 
poifons of arfenic, corrofive fublimate, verdegrife, and the pre- . 
parations of lead; and notwithftanding the declamations of cer-. 
tain phyficians, who feem defirous of excluding the fciences from 
the practice of medicine, his work will ‘receive’ the est of 
gratitude from pofterity. | | sais: 
Chemiftry is not adequate to the counteraéting the effets of 
all poifons, but there is good reafon to hope, that refearches in- 
to the nature of vegetable and animal poifons, if made with fkill — 
and care, would be attended with the difcovery of remedies of 
fuflicient power to counteraét them. Opiuin, and all narcotic 
vegetables, the acrid and cauftic juices, fuch as thofe of {purge 
and euphorbium, the poifonous plants, and more efpecially the 
fungi, demand the particular attention of chemifts, for the dif- 
covery of fubftances proper to obviate their dangerous effects. 
With no lefs utility, an inquiry might be made into the animal — 
poifons. We are already acquainted with the acid of ants, from 
the experiments of Margraaf and Fontana. Thouvenel has dif- 
covered feveral acrid matters in cantharides. Mead has made re- 
fearches on the poifon of the viper. Fontana has purfued the — 
fame fubjeét, and has difcovered that the lapis caufticus imme- 
diately introduced into the wound made by this reptile, decom- 
pofes or alters the poifon, and prevents its deadly effects. > 
If it be poflible, ‘after what has been faid, to fuppofe that che. 
miftry is not equal to the performance of the defirable effects 
here pointed out, yet noone can deny that the fcience of medie 
cine is indebted to it for many ufeful remedies. It can never be’ 
forgotten that {tibiated tartar, that heroic remedy, the ufe of which 
is’ at prefent fo univerfal in France, with all the mercurial; anti- | 
monial, and martial preparations which are poffefled of fuch 
power and efficacy, are the products of chemiftry; and’ that the 
gratitude and encouragement of medical profeffors, as well as the — 
public in general, is due to fuch as devote themfelves to its im- 
provement. For my own part, led by tafte as well as fieemitionieNy 
to cultivate both thefe {ciences, it fhall be my obje€ to contribute 
with zeal to their advancement. I thal! difregard entirely the de- _ 
clamations of thofe, who being but imperfe@tly acquainted with 
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chemiftry, have laboured to prove its ufeleffnefs to medicine. I 
have devoted myfelf to ‘the {tudy of animal chemiftry, and fhall 
follow with ardour the labours already fo well begun by the learn- 
ed chemifts who have preceded me in this ufeful career. 

To conclude our obfervations on the utility of chemiftry to me- 
dicine, we fhall only add, that a knowledge of the former is ne- 
ceflary, in order to draw yp a prefcription for any compound me- 
dicine to be made up by the apothecary. _ It happens daily, that 
perfons unacquainted with chemiftry, commit the groffeft errors 
in their extemporaneous formule, by mixing together fubftan- 
ces that either become changed by mutual decompofition, or elfe 
refufe to unite at all: In the cafe of decompofition, the medi- 
cine cannot produce the effe€t, which the Sean from his ac- 
quaintance with the component matter, was led to expe&t. Such 
errors, fo-prejudicial to the health of the patient, are no other- 
wife to be avoided, but by a knowledge of chemiftry. It teaches 
to unite together fubftances capable of combining without decom- 
pofition ; it regulates and determines the procefles neceffary for the 
preparation of compound medicines into which fubftances of dif- 
ferent natures are made to enter ; in a word it is the only guide 
in all pharmaceutic preparations. Without this guide, the phy- 
fician is not only liable to the occafional faults we have pointed 
out, but to numberlefs others, which though of lefs effential con- 
fequence, muft expofe his ignorance to the apothecary ; who, in 
the practice of his own art, cannot but be acquainted with a con- 
fiderable number of chemical faéts. 

The ufefulnefs of chemiftry in the arts, and the refemblance 
between its proceffles and the manipulations of artifts, have often 
caufed it to be confounded either with alchemy or pharmacy, by 
perfons ignorant enough to unite objects in theit own nature fo 
remote from each other. In the opinion of fuch, the chemitt is 
an artift inceffantly employed in the vain fearch of the philofo- 
pher’s ftone. But thofe who have acquired the leaft knowledge 
of true chemiftry and its purpofes, will readily perceive the im- 
menfe diftance between the ridiculous and abfurd pretenfions of 
the alchemift, and the enlightened chemift ; and more efpecially 
the difference between the regular proceedings of the latter, com-- 
pared with the inconfiftent and ufelefs procefles of the former. 
The error of the many, who regard chemiftry as the art of pre-_ 
paring drugs, is much more pardonable ; becaufe it does not con- 
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found chemifts with the ignorant, and, at beft, the ufelefs ope- 
rators of what is. called the Grand Work, who, as Macquer 
ingenioufly obferves, are the workmen of an art that has no ex- — 
iftence s but aflociates them with a refpectable clafs of artifts, 
whofe labours are neceflary to fociety.. But pharmacy_ being 
nothing more than a part of chemiftry, or one of the many arts — 
that are dependent on, or benefited by, its: principles, the per- 
fon who regards chemiftry as the art of preparing remedies, will 
have but a very limited idea of this experimental {cience: a fci- 
ence of fuch fublimity and vaft extent, that it not only contains 
‘within itfelf the much greater part of the numerous arts that dif- 
tinguifh civilized nations from favages, but extends its refearches 
univerfally to the mutual actions of the component parts of bo- 
dies on each other ;, to the great improvement of natural philofo- 
phy, which in many of its moft seta parts is: eee che- 
mical. 


CHAPTER II. 


THE HISTORY OF CHEMISTRY. 


H: who. devotes himfelf to the ftudy of any fcience, iat not 

to be ignorant of the outlines of its hiftory. For fuch:a hiftory, 
being a relation of fcientific facts, fixes the dates of difcoveries, 
points out the errors of our predeceffors, and indicates the path that | 
leads to fuccefs. But as it might not tend to promote the immediate 
purpofe of this treatife, if we were to do dwell on fubjects that 
are in fome meafure foreign to it, we fhall exhibit nothing more 
than the outlines of this hiftory ; without entering minutely into. _ 
particulars, which may be found at length in many well written. 
books. In particular, the treatife of Olaus Borrichius de ortuet: 
progreflu Chemiz, the article Chimie in the Didtionnaire Ency-. 
clopedique, the difcourfe at the head of Senac’s' Chemiftry, 
VHiftoite de la Philofophie’ Hermetique, by the Abbe Lenglet du 
Frefnoy, the firft, chapter of Boerhaave’s Chemiftry, the Preli- 

ayn Difcourfe to Macquer’s eee &e. may. be cautlnlon 


a 2 


For the intors of exhibiting in a conde and metho dens, man=- 
ner, the progrefs.of the human mind in the ftudy of: chemiftry,. 


ee), 


HISTORY OF CHEMISTRY: 93 


andthe feveral advances made therein from time to time, we 
fhall divide our Bers into fix rhe es | v Ee 


; EPOCHA FIRST. | 


The “brigin if Chemiftry among the Egyptians, and its progrefs among 
the Greeks. 


«The origin w. chemiftry is not: lefs ob{cure than that of the 
bes {ciences and arts.in general. ‘The patriarch Tubal Cain, 
who lived before the deluge, is faid to be the. firft chemift; ‘but 
his knowledge is not afirmed to have extended beyond the work~ 
ing of metals: This man feems to have been the fame, who is 
fpoken of in fabulous hiftory under the name of Vulcan.» 

It is among the Egyptians that we ought to place the true ori- 
gin of this {cience. The firft of this nation, of whom mention 
is made as a chemift, is, according to Lenglet du Frefnoy, Thoth 
or Athotis, furnamed Hermes or Mercury. .He was the fon of 
Mezraim, or Ofiris, and grandfon of Cham. He became hing 
of Thebes. 

The fecond king of Egypt, who was ikewife a philofopher, 
‘was named Sephoas. He lived 800 years after Athotis, and 1900 
before Jefus Chrift. ‘The Greeks have given him the furname of 
‘Hermes, or Hermes Trifmegiftus. He is the fecond Mercury, 
‘and is efteemed as the inventor of natural philofophy. Several 
hiftorians have tranfmitted to us the titles of his works on_ philo- 
fophy, which confifted of forty-two books. It does not appear 
that any of them treated of chemiftry, though the fcience has 
been called after him, the Hermetic Philofophy. 

* Our information refpeéting the cultivation of chemiftry in 
Eygpt, is very uncertain. It feems, however, that this fcience 
made great progrefs in that country, fince the Egyptians were 
in pofleflion of a great number of chemical arts; and in parti- 
cular, that of imitating precious ftones; of cafting and work- 
ing metals; of painting on glafs, &c.; but the chemiftry, as 
well as the other arts and fciences of this ancient people,’.are 
loft. Their priefts concealed them from the vulgar as myfteries, 
and only recorded them under the veil of hieroglyphics. , The 
alchemifts have perfuaded themfelves that fome traces of their 
pretended art is to be found among thefe ; and that the temple, 
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which the Egyptians confecrated to. Vulcan, was in nonin Ma 
alchemy 


The Hraelites learned skews from the Egyptians. “Mofes i is 
placed in the number of chemifts, becaufe of the knowledge by — 


which he was enabled to diffolve the idol of gold that. people 


adored. It has been thought, and Stahl has written a differtation 


to prove it, that this folution of gold in water was performed 
by the help of liver of fulphur; a procefs which Bia iene 
Jedge of chemiftry of confiderable extent. 

Democritus of Abdera, who lived about 500 years before 


Chrift, travelled into Egypt, Chaldea, Perfia, &c.3 and it is af 


firmed, that he became acquainted with chemifts in the firft) of 
thefe countries. Though the fon of a man fufficiently rich to re- 


ceive and entertain Xerxes and all his attendants, he returned _ 
very poor to his own country, where he was received by his bro-. 


ther Damaffus.. In his retirement in a garden, near the walls of 


_Abdera, he employed himfelf in refearches into the nature of — 


plants and precious.{tones. Cicero affirms, that in order that he 


might not be difturbed from his {peculations by external objects, — 


he deftroyed his fight, by keeping his eyes for a time fixed’ on 


the bright refletion of the folar rays, froma veffel of polithed — 


copper; a fact which, however, is denied by Plutarch. Pliny _ 


had fo great a degree of efteem and veneration for the know- 
ledge of Democritus, that he even thought it miraculous. 


There are fome authors who reckon Cleopatra among the che- 


‘mifts, becaufe fhe knew how to diflolve pearls. They aflirm, 
that the art of chemiftry, well known to all the Egyptian priefts, 


was conftantly practifed by that people, till the time of Diocle-_ | 


fian, who, according to Suidas, thought fit to caufe their books. 


to be burned, that he might fubdue them with more fagility. 


EPOCHA SECOND. ~ . a 
The Chemiftry of the Arabians. 


ay a long feries of ages, during which it is not oltible +t to. | 


follow the progrefs of chemiftry through the revolutions of ems 
pires, we find fome traces of this fcience among the A elit 
who cultivated it with fuccefs. 

During the dynafty of the Achemides or Abaflides, the fciences, 
which had been long abandoned, were reftored to their vigour, 
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Almanzor, the fecond Califf, devoted himfelf to aftronomy. 
Harum Rafchid, the fifth Califf, and cotemporary with Charle- 
magne, caufed feveral books relating to chemiftry to be tranflat- 
ed from the Greek. 

In the ninth century, Geber ve Thus, in Chorazan, a pro- 
vince of Perfia, wrote three works on chemiftry, in which we 
find fome tolerably good things. His beft treatife is intituled, 
Summa perfeCtionis Magifterii. He has written with confider- 
able perfpicuity on diftillation, calcination, and the reduction 
-and folution of metals. 

In the tenth century, Rhafes, a phyfician of the hofpital at 
Bagdat, firft applied chemiftry to medicine. Some of his phar- _ 
maceutic prefcriptions are ftill in efteem. 

In the eleventh century, Avicen, a phyfician, likewife applied’ 
chemiftry to medicine. His merit and knowledge raifed him to 
the offce of Grand Vizier; but the debauched life he led was 
the caufe of his being degraded from that office. 


EPOCHA THIRD. 


Lhe tranfition of Chemiftry from the Eaft to the Weftern parts of 
. the world during the Crufades. The reign of Alchemy. 


: 
The art of making gold was in requeft for a long time, ac- 
cording to the authors who have written concerning it; but the 
folly which gave birth to it was at its heighth during the inter- 
val between the eleventh and fixteenth centuries. The chemical 
fatts difcovered by the Egyptians, collected by the Greeks, and 
applied to medicine by the Arabians, came to the knowledge of 
the four nations who travelled into the eaft during the crufades ; 
namely, the Germans, Englifh, French, and Italians; and each 
of thefe nations became immediately filled with fearchers after 
the philofopher’s ftone. As the immenfe labours to which they 
devoted themfelves have contributed greatly to the advancement 
of chemiftry, it is neceffary to be acquainted with fuch of thefe 
extraordinary men as have moft diftinguifhed themfelves. 

During the thirteenth century, Albert the Great, a Domi- 
nican of Cologn, and afterwards of Ratifbon, acquired the re- 
putation of being a magician, and has left a work full of alche- 
mical proceffes. 

Roger Bacon, born in 1214, near Ulchefter, in the county of 

6 : 


96 HISTORY OF CHEMISTRY. 
Somerfet, ftudied at Oxford. He repaired to Paris to “Rig the 
mathemati¢s and medicine.” Many inventions are attributed — 
‘to him; any one alone’ of which would have been’ futficiclie 
to have rendered his name immortal. Among thefe are’ the ca 
mera obfcura, the telefcope, gun powder} : HE Ts affirmed to have © 
‘madea felf&moving chariot, a {peaking head, a flying machihe, Be. 
‘He was‘a cordelier, and was furnamed the Admirable Doétor, | 
An acctfation of magic being preferred againit him; ‘caufed ti 4 
brethren to imprifon him. He retired to a houfe near Oxford, 
where it is faid he worked in alchemy. Borrichius faw the hotilé, 
which was ftill kHownh by his name *, ere 
Arnold of Villeneuve, born in: Languedoc, in 12465 and died 
in 1310, ftudied medicine at Paris during 30 years. He wrotea 
cominentary on the Epiftlé of the Schola Salernitana. “The al- 
chemifts efteem him'as one'of their greateft matters. Borti chius 
in the year 1664, faw one “e his spina aise an aleHemift, ih 
Languedoc. nga Mephenteaactcmet 
The fourteenth century. Raymond Lullius was born at Ma- 
jorca in 1235, came to Paris in 1281, where he became the dif= 
ciple of Arnold de Villeneuve. Robert Conftantin affirms to 
have himfelf feen one of the Rofe Nobles that were ftruek in the 
Tower of London, out of the gold made by him, during | the aiek | 
of Edward the Fifth, in the years 1312 and 1313. He wrote 
fome books on alchemy, in which are to be found fome facts 
concerning the preparation of acids, or pqua fortis, is on | the: 
properties of metals. . 
The fifteenth century. “Bafilius Valentinus,, a s Prrsenety of 
Erfort in Germany, was well acquainted with medicine and nae 
tural hiftory. He compofed a book on antimony, to ‘which he } 
gave the pompous title of “ Currus Triumphalis Antimonii,” 
which was commeiited on by Kerkringius. Tn this book we find 
a great ntimber of antimonial preparations that have fince been — 
offered to the world under different new names, and have been 
adiminiftred in the cure of diforders with great { fuccefs. . " & St So 
Ifaacus Hollandus the father, and his fon of the. fame. name, | 
‘have written books praifed by Boerhaave, from which it. appears, — 
that they were acquainted with the properties. of aay fortis, and 
aqua regia. © 


Phin ene. la . npg, § i 44 a ye te uacnty ; ; 4 wey) ame &. 
~* This houfe, as 1 am informed, was ftanding a few years fince. T. 
; 2 
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* All thefe authors have in general written in the moft» obfcure 
and confufed manner on the chemical art; and though they were 
acquainted with fome procefles of diffolution, extraction, purifi- 
cation, &c. their pretenfions were greatly beyond their knowledge, 
and fcarcely any advantage can be derived from their labours. 


EPOCHA FOURTH. 


ie univer ar Medicine; Pharmaceutic Chemifiry ; Alchemy oppofed, 
from the fixteenth to the middle af the feventeenth century. 


The bad fuccefs of the alchemifts, and the ruin of their for- 
tunes and reputation, were fo far from difcouraging chemical en- 
terprifes, that we find a prodigious number of perfons during the 
fixteenth century, encouraged and fupported by the enthufiafm 
of a Swifs phyfician, named Paracelfus, who was born near 
Zurich, in 1493- ‘This impetuous man pretended that there ex- 
ifted an univerfal remedy. He fubftituted chemical medicaments 
in the ftead of thofe of the Galenical pharmacy then in ufe, and 
cured many diforders by mercurial preparations, which were 
then deemed {carcely curable, more efpecially thofe of the vene-~ 
eal kind. His miraculous cures feemed prodigious; but tran 
ported by fuccefs far beyond the bounds within which he ought 
_ to have confined himfelf, he publicly burned. the books of the 
Greek phyficians. He died in the midft of his triumphs in an 
inn at Saltzburgh, at the age of 48 years, after having promifed 
himfelf immortality by the ufe of his fecrets. 

This folly, highly extravagant as,it was, revived the ardour of 
the alchemifts. Some among them, who vainly imagined they 
had fucceeded in the difcovery of the univerfal medicine, digni« 
tied themfelves by afluming the new title of adepts. Such were, 

at the commencement of the feventeenth century,— rf 

_1. The Roficrucians, a kind of fociety formed in Germany, 
ef which nothing more was ever known in France but the title, 
and whofe numbers continued unknown. Thefe pretended bro- 
thers afirmed, that they were-in poffeffion of the fecrets of tranf 
mutation, of the univerfal {cience, and medicine; with, the {cience 
of occult things, &c. 

2. A Cofmopolite, named Alexander Sethon, or Sidon, who 
performed the work of tranfmutation before a perfon of the 


name of Hauflen. This laft related the fat to Vander Linden, 
Vol. I. ta G es 
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the grandfather of the phyfcian of that nanie;: who. collected 2_ 
medical dibrary. yf | bskuitrd heen 
Ba Another. named Thanias de Riteciy ‘ed ith: England. in 
16 912. de travelled into, America, where Starkey. received: gold 
from him. «He correfponded. with Feta This isi the fame 
adept, who in France gave his powder of proje€tion to Hel- - 
vetius. The latter, after: this pretended miracle, which was, 
nothing more. than an artful tricks wrote a didfertation ¢ 5S De ey 
 tuld aureo, . eo” ' | 
The fuccels that attended the sv seth Hit poring 9 me- _ 
dicines by Paracelfus, was produétive however of fome’ perma-_ 
nently good ‘effects 5 'for it. induced’ feveral, men ofvabilities to ; 
enter into.the. inquiry, and to write ufeful works’ on the prepara: © 
tion of: chemical: medicines;: | Such are the writings’ ‘of Crollius) 
Schroder, | Zwelfer,Glafer,»Tachenius, Lemery,. &c. and. the 
Pinaethy publifhed ‘by feveral faculties of medicine, 
») Glauber, a German chemitt, about this time. rendered am ef. 
hens fervice to chemiftry, in examining the refidues of opera-— 
tions, which former operators had always thrown afide as ufelefs, © 
and: diftinguithed by the names of caput mortuum, ‘or terra dam- 
nata:’ By this means he difcovered) the falt: mamed after him; A 
and: the vitriolic. ammonia¢ 5: and ‘threw great Aiea on v the chemi 4 
cal: procefles for preparing mineral:acids, &e ot | 
Some ‘of the promoters of chemical fcience ‘okies to Para: 4 
alin, were. not entirely cleared: of the ideas» his ungoverned 
imagination gave birth to. ‘Such were Caffius, known by his pre- 
cipitaté of ogold3"Sir _Kenelm Digby, who believed m the fym- 
pathetieaGtion of medicaments. Libavius, whofe name is: ‘affixed 
to.a preparation of tin. “Van. Helmont, famous | for: his opinions _ 
in imedicing, andthe chemical notions he has propagated. And © | 
laftly, Borrichius,ua:Danifhy phyfician and chemift, who firft dif | 
covered:and:publithed the method of: inflaming | oils by ‘the nic a 
tfous adidj‘andis‘entitled to the refpedt ‘od gratitude | of. the 
world} for having bequeathed ‘his library and chemical borony 
tothe ufe’ufi indigent ftudents of ‘medicine: ) 2) mie ag. 
soAlchemy,'.atthat time, was in great danger fet ‘two. celen, | 
brated men, who fuccefsfully combated its tenets. The one was’ 
the famous Kircher % a Jefuit; 40 whom we are indebted for a_ 
grando atid fablime work intituled, “Mundas Subtentaueue ee the 4 
ather-was the learned phyficiam Conringius. - sued? Bo Sct 
Be 
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' EPOCHA FIFTH. 


The origin oval » ta of Philofophical Chemifiry, from the middle of 
6 the Seventeenth to the middle of the eighteenth century. 


Cheney had not hitherto been treated philofophically.. The 
chemical arts had been defcribed, medical formule had been 
given, and the nature of metals had been laborioufly inquired in- 
to, with a view to the making of gold, or of the univerfal _ medi- 
cine (delufive views which {till miflead the ignorant and ethuf- 
aftic) ; but nothing more had been done. The faéts afcertained 
were many, but no one had yet collected them, and, as the cele- 
brated Macquer happily obferves, there were many branchesof che- 
miftry i in being, though the fcience itfelf was not yet in exiftence. 

Towards the middle of the feventeenth century, James Bar- 
het, phyfician to the king of Poland, arranged the principal 
known facts in a methodical manner, and added obfervations in 
his philofophrical chemiftry.. The book of this learned man is the 
more valuable on account of his being the firft perfon who at- 
tempted to form a complete body of nchanittry, and ranked it 
among the fciences | 

Bohnius, Profeflor at Leipfic, likewife compofed a book of fci- 
entific chemiftry, which had great fuccefs, and was for a long 
time the only elementary whe on this fubject. 

“Joachim Beccher of Spires, a man of the moft extenfive geni- 
us, phyfician to the eleCtors of Mentz and Bavaria, went be be- 
yond the two authors laft fpoken of, and caufed even their names 
to be forgotten. In his fublime work, intituled, “ Phyfica Sub- 
terranea,” he united all the known facts of chemiftry, and de- 
feribed them with aftonifhing fagacity. He has even pointed out 
by conjecture, a great part of the difcoveries made to this d: ay 3 
fuch as the acriform fubftances ; the poflibility of reducing ani- 
mal bones into a tranfparent glafs, &c. This work was com- 
‘mented on by a celebrated phyfician, whofe name fixes a moft bril- 
liant epocha of chemiftry. J. Erneft Stahl, born with a ftrong 
‘paffion for chemiftry, undertook to comment and improve the 
doétrine of Beccher. ‘ His attention was more particularly ‘di- 
‘re€ted to afcertain the ekiftence of the inflammable earth, which 
he called phlogifton. | Equal to Beccher in genius, but fuperior 
din accuracy of operation and order of refearch, he compofed a 
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treatife on fulphur, a work on falts, and another ech Tres 
centa Experimenta, which have gained him immortal glory, and 
placed his name among the firft of his age. , Ley 
Boerhaave, in the midft of numberlefs occupations, Paid | 
ed chemiftry, and compofed a celebrated and truly profound j 
work on this fcience. His treatifes on the four elements, and | 
efpecially that on fire, are mafterpieces to which at that time ‘it | 
was fcarcely poflible tohave made any addition. He was like- I 
wife the firft who attempted the analyfis of vegetables, and dit ; 
covered the fpiritus rector, &c. a 
The theory of Stahl has been followed by the whole Sache 
world, and received a new acceflion of ftr ength from the two cele= | 
brated brothers M. M. Rouelle, whofe too early lofs i is  feverely felt 
by the fcience, and to whom chemiftry owes its origin in France. 
The illuftrious Macquer, who will be long lamented ‘by. every — 
lover of f{ciencé, has contributed in a moft eminent degree tothe 
advancement of this {cience by his moft excellent works, which | 
are with the greateft juftice efteemed in every part of. Europe, 4 
as the fureft guides to chemiftry. Befides the great obligations, | 
the world is under to him for his Elements and Chemical Dic- 
tionary, his own particular labours and difcoveries on arfenic, Pruf- _ 
fian blue, dying filk, on clays for pottery, &c. are fufficient to im- | 
mortalize his name, and entitle him to the gratitude of pofterity. | 


EPOCH A SIRT. i >< ene te eee ee 
Pneumatic Chemiftry ; the pr pean time. e ate 

Stahl, entirely bufied in demonftrating the exiftence of phiag 
gifton, and following it through all its combinations, feems to | 
have overlooked the influence of the air in the greateft part. of | 
the phenomena in which he attributes fo great an energy to’ the | 
inflammable principle.’ Boyle and Hales had neverthelefs already. | 
proved the great neceflity of attending, to this fluid, in the. ope- | 
rations of chemiftry. .The former had obferved: the difference ' 
between the chemical events that happened in like cireumftances 
in the air'and in vacuo. The latter had obtained from a great 
number of bodies a fluid which he fuppofed to be air, but in | 
which however he had obferved feyeral peculiar properties, | fuch | 
as odour, inflammability, &c. according to the various fubitances 
they proceeded from. He thought the air was the cementing | 
principle, or caufe of folidity in Cndien, , 4 
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Dr. Prieftly, in repeating a great part of the experiments of 
Hales, has difcovered many fluids, which though they refemble 
air, differ from it in all their eflential properties. And im par- 
ticular, he obtained from metallic oxyds or calces, a kind of air, 
much purer than that of the atmofphere. 

M. Bayen, a chemift fo juftly celebrated for the exa¢tnefs of his 
operations and experiments, examined the oxyds of mercury, and 
difcovered that they were reducible without phlogifton, and that 
during reduétion they emitted an aeriform fluid in great abundance. 
_ M. Lavoifier proved very early, by a great number of valuable 
experiments, that a portion of the air becomes combined with 
~ fuch bodies as are calcined or burned. In confequence of this 
he eftablifhed a fect or clafs of chemifts, who began to doubt 
the prefence of phlogifton, and attributed to the fixation of air, 
or its difengagement, all the phenomena that Stahl fuppofed to de- 
pend on the feparation or combination of phlogifton. It muft be 
granted, that this doctrine has the advantage over that of Stahl in its 
proofs, being more {ftriét, and is fo much the more feducing, as it 
agrees better with the accurate and rigorous manner of proceed- 
ing, which is at prefent adopted in the ftudy and cultivation of 
natural philofophy. ‘This feemed to be the cafe in the opinion 
of the late M. Buquet, who, in his two or three laft courfes, ap- 
peared to give it the preference. ‘The wifeft and doubtlefs the 
only proper condué& to be purfued on this occafion, is to wait 
till a great number of facts fhall have completely demontftrated, 
that all the phenomena of chemiftry are explicable according to 
the pneumatic theory, without admitting phlogifton. M. Mac- 
guer, though well aware of the great revolution thefe new dif- 
coveries could not but, occafion in chemiftry, did not admit the 
' opinion, that every fact is explicable without fuppofing the ex- 
iftence of an inflammable principle ; and inftead of phlogifton, 
whofe exiftence has never been fairly proved, he has fubitituted 
light, the action and influence of which in chemical appearances 
cannot be called in queftion. 

Since the death of that bat Rested chemift, the fcience has 
gained fo much by the new difcoveries, that the modern theory 
daily acquires new acceflions of force: ‘The large mals of faéts 
I have collected during the {pace of twelve years attention to this 
fcience, the number of experiments which I have repeated, have 
conyinced me that it is abfolutely impoflible to avoid admitting 
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this theory ; atid that fuch philofophers as continué to” fupport, 


with mote or lefs heat, the doctrine of phlogifton, all give proofs 
in their works that they are not perfectly acquainted with the 


{cience, or are in fome refpect soar in the art of making ex q 


periments, ‘ 


CHAPTER Fite 


CONCERNING THE CHEMICAL ATTRACTIONS. I Bilstia 


¢ 


Tw the foregoing chapter we have obferved, that the means ufed 
in the performance of chemical operations, which are in general 
referable either to: analyfis ¢ or fynthefis, are founded in nature 3 
and that chemifts are no more than imitators. This truth will 
be more ftrongly eftablifhed by the explanation of the ehestticat 
affinities which we are about to give. 

The leaft progrefs in the ftudy of natural phitefbig is 5 fui 
cient to imprefs the mind of the obferver with a know ‘ledge of 
that wonderful force eftablithed between bodies, by which they 
mutually attraét each other. All the phettomena in ature are 
dependent on this law, which the philofopher contemplates with 
admiration, and the moft uninformed inquirer cannot eonfi der 


without fome degree of perplexity and aftonifhment. ~ honisg 


_ The fmalleft bodies, as well as the immenfe maflés that are 


dobagssid by their union, are alike fubject to this force, fo ne- 
ceflary for the prefervation of the harmony of the univerfe: But 


‘Ye 


its laws appear either to be effentially different, or differently mo- 


dified, according to the mafs, bulk, or diftance of the’ bodies 
acted on by its power. Without inquiring into its effeéts on the 
planetary * bodies, whofe diftances and motions it ‘governs, let 
us obferve what happens on the globe we scale and Koi tpn 


to difcover its laws of aCtion. ea 
Natural philofophy teaches us, that two: folid ies of the | 


+The celebrated Bergman (de Atiradtionibus Eledtivis) and mena as wel as 


our author, from a with to generalize, ‘and in confequence of a too fuper- 
ficial view of the univerfal laws of attra@ion, have erroneoufly fuppofed that gras 
yity, or the planetary attra@ion, might ‘be fo varied, when bodies became nearly — 
contiguous, as to be modified or, converted into the chemical affinity, or elective 


attraction ‘obferved between the minute Parts of bodies. See Newtoni, Prin, 1, 
Tie ou eee oe r se VEL YBa eh P, 
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fame kind; wher moiftened and placed in contact, adhere to- 
gether with fo much the more force as the furfaces at which 
they touch are mofe polithed and extended. ‘Thus two planes of 
glafs, or two fe€tions of a metallic fphere flipped upon each other, 
with preflure, become united, and often require a very confider- 
able effort 'to feparate them. This force gives birth to all the 
phenomena obferved in chemiftry; and itis therefore of the high- 
eft importance to ftudy with carey all the laws and circumftances 
that accompany it. | 

The greater number of chemifts ams enAisiistisea this force 
aginity, or relation, becaufe it has been thought that it depended 
on an analogy or conformity of principles in the bodies between 
which it exifls.. Bergman has called it chemical attraétion, though 
its effeéts are very different from the planetary attraction obferved 
by Newton 3 as, however, it appears to be only a modification of 
it, we fhall adopt that term. This attraction may take place 
between bodies of the fame,.or of different natures.. Let us ob- 
ferve it under thefe refpective points of view. 


§ 1, Cooceruie the Attrattion that By pe place between Bodies of the 
_ __ fame kind, or the Affinity of Aggregation, 


“akon two bodies of the fame nature, as for example, two 
globules of mercury placed in the point of contact, tend, by virtue 
of this force, to unite, and the union is fuffered to take place, a 
{phere of greater magnitude, but of entirely the fame nature, is 
formed. This force, therefore, produces no change, except in 
the phyfical, or obvioufly apparent qualities of bodies. It joins 
together parts of the fame kind, which before were feparate; aug- 
ments the bulk or magnitude, by confounding the mafles, and 
forms one fimple body out of feveral... It.is named the affinity or 
the attraction of aggregation, to diltinguifh it from that between 
bodies of different natures.. It produces an aggregate, in which, 
though the phyfical properties are changed, the chemical quali- 
ties are not fenfibly altered. The aggregate is nothing more than 
a coherent body, whofe molecules are united by the force*of ag=: 
gregation. It muft be diftinguithed from the mafs called a heap, 
which, though confifting of parts of the fame nature, has not-co-. 
herence throughout; ‘as well as from a mixture which is taken to 
denote an incoherent mafs of diflimilar particles. An example’ 
will illuftrate this.” Flowers of fulphar, or fulphur in powder, , 
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whofe parts have no adhefion, but may be feparated by the fmal- 
left efforts, conftitute a heap, on the parts of which, relatively | 
confidered, the affinity of aggregation does not act. If this be 
mixed with another heap, as of -nitre in powder, a mixture by 
confufion will be had. But if, by the help of fufion and cooling, — 

the power of aggregation be caufed to act, then the molecules, 
or integrant parts, brought towards each other during their li- 


- quefaCtion, unite and adhere together in fuch a manner, as, that 


when cooled, they form a fingle mafs or folid, bani is a true > 
ageregate. | . 
_ The force or affinity of sisietoecivon has different ‘niet mea- 
fuirable by the effort or power neceflary to be employed in fepa-_ 
rating the integrant parts. We'may diftinguith four kinds of ag- 
gregates, under which all bodies in nature may be comprifed. 

x. The hard or folid aggregate, in which the force that unites 
the integrant parts, is very confiderable, and which’ cannot be 
deftroyed, but by fome very violent re-aétion. There are many’ 
degrees of aggregation under this clafs, from the hardnefs ‘of the 
precious ftones or rock cryftal, to the foftnefs of the moft yield 
ing wood. Its character is to form a mats, whofe different parts 
cannot be fenfibly moved amongft »each resi i? without phon 
or feparation. em, 

2. The foft aggregate is that wit parts, though coherent, 
may neverthelefs be flided upon each other by a {mall force, fo as 
to change their refpective fituation. The force that unites the 
parts of a foft body, is lefs than in fuch as are hard 5 wre — re- 
action is neceflary to deftroy it. a 

3. The fluid aggregate. Its integrant parts are fo lightly unite: 

ed together, that the {malleft effort is not only fufficient to caufe — 
them to flide, or change fituation amongft, but a to feparate :] 
_them from each other. 3 
4. Laftly, ‘The aeriform aggregate, vette inteprant parts are 
_ too finall to be perceived, and in which the affinity of aggregation 
is the leaft poflible. The air of the atmofphere furnifhes an eXe ; 
ample *. 3 
Thefe four kinds of aggregate are no more, Prony, peaking , 


* The cy a fetch is here atest ieeniaig or defcribed.. It is that — 
whofe denfity is not fufficiently great, to afford obvious indications of its prefences. 


_and in which the affinity. of appregabion. 3 is negative, santng the integrant Pata my K 
repel each other. ‘T, 
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than degrees of the fame force, which it is neverthelefs of great 
confequence to diftinguifh with care, becaufe their ftate and di- 
verfity have'a fingular influence on chemical phenomena. ‘This 
is proved in a very fatisfaCtory manner, from the confideration, 
that many bodies are capable of being fucceflively put into each 
of thefe four ftates. Water, in the form of ice, isa folid aggre- 
gate. Its hardnefs is the greater in proportion as its temperature 
is lower; when expofed to the temperature of 32° Fahrenheit, 
it aflumes a kind of foftnefs, before it pafles to a ftate of flui- 
dity. ‘This laft mentioned ftate is well known in all climates ; 
and philofophers have computed its force of expanfion when in 
the ftate of vapor, or in the aeriform aggregation. The fame is 
the cafe with metals, fatty fubftances, concrete oils, wax, &c. 

_ In proportion as we advance in the knowledge of the laws of 
chemical attraction, we fhall perceive ftill more the neceflity of 
diftinguifhing and attending to thefe four kinds of aggregation. 
This is more particularly neceflary, in comparing the force of 
aggregation with the fecond kind of affinity next to be examined. 

As thefe two forces, which feem to depend on the fame caufe 
or principle, are neverthelefs always oppofed to each other in 
chemical phenomena, fo that it may even be inferred from the 
facts we fhall exhibit, that they are in the inyerfe ratio of each 
other *, it is neceffary, when the chemift wifhes to caufe the one 
to act, that he fhould diminifh the other. Now, the attractive 
force we are {peaking of, is almoft always that which he has oc- 
cafion to diminifh, and it is likewife modifiable at pleafure, by 
means in the power of the artift. © : 
Te deftroy or diminifh the affinity of-aggregation, nothing 

more is required, than to oppofe to the cohefion of the parts of 
the aggregate, an external force more than equal to that which 
retains them together, which confequently muft be greater or 


1 This oppofition of the affinities of agg regation and combination, muft reft ene 
tirely on the reafoning of the author, in the following pages. ‘To me it feems 
neither fairly deduced, ner probable in itfelf, A variety of important circum- 
ftances, fome of which are unknown, are included in this, and almoft every other . 
queftion concerning the affinities. They cannot here be entered into; but the 
prefent may perhaps be decided, by anfwering the following. Are there not 
many operations in ‘which an increafe of temperature, at the fame time. weakens 
both the powers of aggregation and combination, and the contrary? If this were 
not the cafe, could any {eparation be made by mere heat, without an intermes 
dium? And if heat be matter, and be the intermedium in fauch cafes, the Sallis 
pity of aggregation, a it i called, is out of the queftion, T, 


i106 ATTRACTION OF AGGREGATION. 


lefs, in proportion to that adhefion. This is the leading prin- 
ciple in the preparatory operations, whofe fole purpofe * is to de= 
Rtroy the affinity of aggregation: Pulverization, grinding, filing, 
rafpinig, cutting, are operations that oppofe the coherence of fo= 
lids, and ferve to feparate their parts... Heat and evaporation pro-' — 
duce the: fame effet upon fluids, as well as. upon moft folids 
which are capable of becoming foft or melting. But thefe laft — 
methods, in which heat is the agent which divides bodies, de- 
pend themfelves upon a chemical attraction of the fecond kind. 
The farae may ‘be faid of diffolution in water. lets WHO 4 
‘ As art is poffefled of numberlefs means of oppofing the force 
of aggregation, £6 likewife it affords others for reftoring, and 
caufing it to at again with all its energy. All its manipulations 
for this purpofe, confift in placing the bodies, whofe aggrega- 
tion it is propofed to reftore, in a ftate of divifion and fluidity, fo 
that the particles of thefe bodies may be at liberty to. obey the 
power of attraCtion, by applying to each other thofe of their fur- 
faces which are beft adapted to unite, and to form an aggregate,’ 
the regular figure and cohefion of which often equal, and fome- 
timés even furpafs thofe of natural bodies of the fame kind. On 
this occafion we muft remark, that all aggregate bodies may be 
divided into ‘two claffes 5 riamely, regular: of irregular. Nature 
has given to every body the: property of prefenting itfelf under 
one or other of thefe two ftates; art, ever emulous, and often’ 
the rival of nature, ‘can at pleafure produce either. All bodies. 
capable of pafling through the different ftates of aggregation, be+ 
fore enumerated, and more efpecially falts and metals,’ may, ‘ac 
cording to the management of the artift, in their paflage from 
fluidity to folidity, appear: in the thape of an ‘irregular mafsyor 
in that of a body with regular facets, whichis ‘called a cryftal 
Nothing more is‘neceflary to produce the former ftate, than to 
keep the particles whilft fluid, whether by heat or by water, very 
near each other, and to caufe the liquefaction. fuddenly. to ceale, — : 
fo that ee into’ tthe all at once, the atecalion of! ‘aggregas A 


7 


— a 


cM The. purpofe i is to MOK hi es is ib that the ead ‘Aion of bodies on 
each other, being carried on at the fame time, among a gfcat number. of parts, 
may be-fooner finithed, and the intended procefs completed, 'The affinity of ag- 
gregation impédes:combindtion in no other way, than by cevering the internal 
parts. A lump of fugar is lower in diffolving, if put into water, than‘ithe fame &. 
quantity in powder; becaufe, in the former cafe, the external age api be dif 
folved and removed, ,before the inbenes parts can be acted on. .T. to ysig i? 
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tion may caufe them to unite into a folid mafs.. But, on the con- 
trary, cryftallization requires that the parts of the bodies in which 
it is to be produced, fhould be kept futhiciently diftant from each. 
other, that they may be, as it were, in equilibrium fome time 
before they unite, and may mutually prefent to each other the 
furfaces that beft agree with each other. After thefe details, it is 
clear that cry{tallization is entirely the confequence of the affinity 
of aggregation. It is in this point of view that we have here 
confidered it; and fhall referve our future obfervations on the 
fabje&t, to the other parts of this work. 3 


§.2. Concerning the Chemical Attraétion between two Bodies of dif- 
ferent Natures, or the Affinity of Compofition. 


When two bodies of different kinds have a tendency to unite, 
they then combine. by virtue of a force different from that we have 
hitherto fpoken of, and which is named the affinity of ‘compofition, 
or tather the attraction of compofition*®, This kind of attra€tion, 
more neceflary to be underftood than the former, takes place in 
all the operations of chemiftry, none of which can be explained 
without it. This principle was known in the ‘earlieft times, but 
it was not attended to with fufficient care, till experience had 
fhown that its mfluence on the practice, is equal .to that on the 
theory of the fcience we are treating of. It is this doGrine that 
muft guide the practitioner in the refearches neceflary for the ad- 
vancement of chemiftry, and muft be confulted by the philofo- 
pher who colleéts and compares the facts. It is the compafs by 
which both muft fteer ; ‘and it may be truly affirmed, that he 
who is intimately acquainted with the chemical attractions, knows 
every thing that the moft fublime chemiftry has to offer. 
~ Well convinced of this truth, we fhall endeavour firft to colle& 
with fidelity all the facts that relate to them, and afterwards to 
explain the ein that have been invented, meth their 
caufe, 

aieraian, the parent of chemiftry, as satel as of every ex~ 
perilalened {cience, has fhown that the attraction of ‘compofition 
prefents conftant and invariable phenomena, which may be res 
garded as eftablithed laws, obvious to all but thofe who are un- 
acquainted with the method of ftudying nature. Thefe laws, 
founded ona great number of well eikpbtiftidd — sai be re- 
duced to the cight following. . ' xo. 


- 
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Firft Law f the Attraction of capa sie we 


The attraction of compofition does not take pee but between 
7 ssa of different natures. 

- This firft law is invariable, and fubje& to no kind of excep- 
tion. In order that two bodies may combine, and form a com- 
pound, it is a neceflary condition that they fhould be of different 
kinds. In faét, if two bodies of the fame nature be united, the 
refult will be nothing but an aggregate, whofe mafs and magni- 
tude only will be augmented without the lofs of any of its effen- 
tial properties, and the union will be preferved. by the affinity of 


aggregation, as has been already fhown. ‘Thus two pieces of. — 


wax, refin, or fulphur, are united by heat. ‘The difference be- 
‘tween the affinities of aggregation and of compofition, may hence 
be eafily conceived. 


This law is fo true and fo conftant, that the affinity of saath 
nation is never fo powerful, as when the bodies, between which 


it is exerted, are of the moft different kinds. Thus it is that 
acids, whofe properties are fo oppofite to thofe of alkalis, com- 


bine and form the. moft perfe€&t compounds with them. The — 


fame oppofition of properties is obferved between alkalis and ful- 


phur, alkalis and oils, acids and metals, {pirit of wine and wa- | 


. ter, &c. all which have an exceeding {trong tendency to combine — 


with each other, and to form the moft perfect rompaundss: 


though their nature is totally different. 


It is ftill more neceflary to attend to this leading piinplobees of | 


the affinity of compofition, becaufe many chemifts, with Stahl at’ 


their head, have endeavoured to prove that bodies never entered 


into combination, but in confequence of a certain agreement, or — 


refemblance of their properties ; an opinion which mutt of courfe 
he rejeted, when-the full extent of this law is underftood. On 


perufing the writings of the greateft chemifts on this fubjed, it is — 


feen that the refemblances they endeavour to find between fub- — 


{tances that have a great tendency to unite, are always very re-_ 


mote; and that, by following the fame method, it is poflible:ta 


find others equally {trong between the moft diffimilar bodies. It is, 


however, not difficult to obferve, that thefe great philofophers were 


defirous of rendering the theory of chemical attraCtions more intel 
ligible, by means of this explication ; and thofe who are aware of 


the extreme difficulty that attends the eftablifhment of theory, ia 
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any-branch of human knowledge, will be ready to confider their 
efforts with the gratitude to which they are entitled. Their works 
are of the higheft utility, by the illuftrative arrangement and con- 
nection of the facts they have brought together. But our firit 
‘homage is due to truth, which compels us to avow our ignorance 
_ of the caufe of this extenfive fimilarity of facts which we offer as 
a law of nature, rather than to have recourfe to an analogy, 
which is contradicted by examining into the properties of bodies. 


Second Law of the Attraction of Compofition, 


The attraction of compofition does not take place, except be- 
tween the ultimate particles of bodies. ’ 

_-. Inorder to conceive this law as it really exifts, it is neceflary 
to diftinguifh thofe fubjeéts concerning which the» chemift rea- 
fons, from others properly called phyfical. The latter are bodies 
whofe exterior properties, fuch as mafs, bulk, furface and figure, 
may be fubmitted to computation, and appreciated by the fenfes. 
The natural philofopher or mechanic is bufied in the confidera- 
tion of aggregates. “Chemical fubjeéts, on the contrary, are bo- 
dies that have loft their aggregation, and confequently no longer 
exhibit the phyfical properties of aggregates to the fenfes. ‘They 

are particles fo fubtle, that their figure and volume cannot be 

known from meafurement. Bodies do not obey the attraction of 
compofition, till they have been reduced by,the preparatory ope- 
rations, to the requifite degree of minutenefs ; and the chemift 
fucceeds in combining them, only by prefenting them to one 
“ another in this ftate of divifion. It feems as if this property 
were confined in its operation to the infinitely {mall particles, or 
ultimate molecules of bodies. Hence it appears, that the affi- 
itity of compofition differs from the attraction fubfifting between 
large bodies. ‘This difference is {till more ftriking, when we 
onfidex the oppofition which is obferved between the attraction — 
of aggregation, and the attraction of compofition. This oppofi- 

tion is fo well eftablithed, that I can venture to advance, as a 
chemical axiom, that the ftronger the attraction of combination, 
the weaker the attraction of aggregation®.. Thefe two forces 
feem to be oppofed to, and mutually to counteract each other. 
In faét, the attraction of aggregation oppofes the combination of 
bodies, and therefore fuch as have a {trong force of aggregation, 
have very little tendency to enter into combination ;. while fub- 
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ftancés,’ that have little or no aggregation, have, at the fame ‘ 
‘time; ‘a-very flrong difpofition to combine with others. . Among 
the gafes, for example, which of all known fubftances are thofe 
whofe aggregation is weakefty there are» feveral whofe tendency _ 
to combination is fo ftrong, that they unite with the greateft yi- 
vacity to almoft all natural bodies. Neverthelefs, we fhall here- 
after fee that‘this takes place only when the heat. which is com- — 
bined in elaftic fluids, adheres but weakly to’ its bafe, and that — 
the aeriform ftate very frequently oppofes oe as is ie ; 


Beicis in eebdh air. 


Third vanes a the wien of Compa ition. 5 ae bic 


al be Ae 


~The attraction of A eg can exert its atition:o on more’ ‘bo- 


» 


dies than’two. 9 60. ty dhitentity Oo 
This law of uittical, astray is one of sist we are re leaft ac- 
quainted with, and *has been hitherto but. very imperfeCily in- 
quired into. Many combinations of two bodies are known. Fewer 
of three; and ftill fewer of four bodies, united by equal affinity,. 
have been noticed. ‘The metals alone prefent fuch combinations, 
and may’ be combined with two, three, or four. It is probable 3 
that combinations of more than four, as for example, fix or eight i 
bodies may exift 5 but art has hitherto thrown very little light on ~ 
this fubject. The caufe of the flow progrefs cf the ftudy of this» 
Jaw, «will be fhown, when we come to treat of the eighth law. | 
The attraction that may take place between many bodies, is dee | . 
noted ‘by their number, by faying the attra€tion of two, three, — 
four bodies, and fo forth. The rapid advancement of modern ~ 
chemiftry, the multiplicity of refearches that are purfued, and the 4 
fcrupulous exactnefs of the prefent methods, give us reafon to 
hope 'that thefe attractions, which are called Paci teaieds will fone 


become better known®. : 2 oy At A 
iy Ae te 
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Fourth Law of the Attraction of Compofi ioe is & . 


in and that the attra€tion of compofition may take place pée® + 
tween two bodies, it is neceflary that one of a two at: ia? 
fhould be ina ftate of fluidity. # 

This law has been long known . to ibid and is eapreen? ie 
by ‘the following axiom, Corpora non agunt nifi foluta. The mot 4 | 
connected and exact obfervations have fhown that two folid fub- 
ftances cannot unite into combination with each other. Whence = 
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it happens, that bodies, which have the greateft tendency. to 
unite, cannot effect it, unlefs one of them be in the ftate of 
fluid aggregation. ‘The more fluid the bodies which the chemift 
is defirous of combining, are, the lefs aggregative ‘force . they 
haye, and confequently the more cafily and intimately they may 
be united... It is for this reafon, that no combination is more ra- 
pidly or more perfectly made, than when two aeriform bodies are 
brought into contact, as the muriatic acid gas, and ammoniacal 
‘Though twoofolid bodies can never combine, yet there are ‘cer- 
tain circumftances in which dry fubftances redyced ito fine pow- 
der, act with fufficient energy on each other, to «unite and form 
a new compound. Thus I have obferved, that the: cauftic fixed 
alkalis, unite, when cold, by fimple trituration with fulphur, an- 
timony, and kermes mineral, as I fhall elfewhere defcribe; but 
in this cafe, the extreme divifion of the two ‘bodies, ‘and: the 
moifture of the atmofphere, attracted by the fale which foon de- 
liquiates, are of fingular advantage to the combination, and in 
fa&t bring it within the law we are treating of. 
- It is not always neceflary that both the bodies we with to com- 
‘bine, fhould be fluid, but only that one of them thould be fo. 
During their union, a phenomenon takes place, which chemitts 
cali diffolution or folution. It is the attenuation, ‘divifion, and 
total difappearance of the folid body placed in contaét with the 
fluid. To underftand the caufe of this phenomenon, it is to be con- 
fidered, that the attra€tion of combination which exilts between 
two fubftances, the one fluid, and the other folid_(as, for ex- 
ample, the fulphuric acid and a piece of calcareous fpar), is 
ftronger than the aggregation that unites the particles of ‘fpar, 
and caufes it to poffefs a folid form. » Now, {ince by the third: 
law this attraction cannot take place; but ‘between {mall bo- 
dies, it becomes a neceflary condition that the fpar muft be re 
duced into:very fimall particles, by the lofs of its aggregation, 
before it can unite with the fulphuric acid, and form fulphate of 
lime. ‘The ancient chemifts, in all folutions, made.a diftinGtion 
between the folvent:and the body intended to be’ diflolved ; the: 
former being the fluid, and ‘the latter the folid. ‘This diftinction,! 
which fuppofes in the fluid a force fuperior to that exifting in the: 
folid aggregate, cannot, be admitted. by. modern chemilts, ;who 
abferve, with M. Gellert, that in folution. the action is equal an: 
& 


rm ATTRACTION OF COMPOSITION: 


both fides, and that, in the example here cited, the fulphurie 
acid would not deftroy the aggregation of the fpar, if this late 
did not tend. to combine with the fulphuric acid with an equal 
force. The term folvent, at prefent applied to fluids, i is there= 
fore far from being chemical, and prefents to the mind the idea 
of a mechanical ation ; for which reafon it would be better to 
reject it altogether. But as cuftom has unfortunately prevailed, 
it becomes neceflary to remember, that when one body is faid to. 
diffolve another, nothing more is intended to be expreffed, than _ 
the ftate of fluidity of the former; and that no greater. a€tivity. 
is attributed to it, than to the folid, which pofleffes exactly the . 
fame, or even a fuperior degree of force ; fince the tendency it 
has to combine with the fluid, overcomes its aggregation, or de~ 
itroys it entirely. , 
The falfe idea that has till lately odeysiled concerning Cleticsil 
has doubtlefs arifen from the mechanical theory of this operation 
-of'natute, which certain philofophical ~chemifts have invented. 
This theory, which is found in every page of Lemery, confifts : 
in fuppofing the folvent an acid, for example, to be an affemb-_ 
lage of very acute points, and the body to be diffolved, as pot. 
{efling an infinite number of pores, in which the points of the’ 
acid are received, which tear afunder its parts, and by that means — 
reduce it to fuch a ftate of divifion, as to caufe it to efcape the 
fight. It is fufficient to exhibit the opinion ; the more accurate 
and lefs hypothetical method of cultivating philofophy, which is 
now univerfally adopted, will fave us the trouble of pitting al 
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fi ift th Law of the Atirattion of Compofi tion. eee 


When two or more bodies unite, by the stieaciom, of compos 
ition, their temperature changes at the inftant of their union. . 

~ This phenomenon has appeared fo conftantly to. .attend ever 
operation that art can perform, that we have thought proper to 
confider it as one of the laws of the attraction of .compofition. 
The temperature of bodies during combination, may be altered 
by the produdtion of either heat or cold. . The latter takes place 

much oftener than the former; but as cold is produced’ in:many 
fynthetical operations, we have exprefied this Phiengmia on ; mY 
the words * tied of Bini pole . 
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we anfwer, only by requefting that they will plunge a very fen- 
fible thermometer in thefe folutions, and they will be convinced 
that a change of temperature takes place, which is almoft always 
cl nae that of the atmofphere. 

This phenomenon feems likewife to depend on the change of 
te aggregation of the fubftances that become combined, in their 
paflage from folidity to fluidity, according to the obferyation of 
Baume, of which we fhall elfewhere fpeak.. But as this change 
of aggregation is a confequence of the action of the attraction of 
combination, it is evident that this laft attraction is the caufe of 
the change-of temperature. 

M. Macquer was of opinion, that the variations in the tempe- 
rature of bodies that enter into combination, depended on the 
motion the particles are put into but if this explanation be ad- 
mitted as fufficiently indicating the caufe of heat in cafes in which 
it is oblerved, it qertaitaly does not explain other cafes, wherein 
cold is produced... Some modern chemifts, and in particular 
Scheele and Bergman, are of opinion that heat, which. they 
efteem as a peculiar fubftance, is greatly concerned in chemical 
combinations, producing cold, when abforbed; or heat, when 
difengaged.- This theory explains very well the changes of tem- 
iene that takes place when bodies uriites 


Bint Law of the Attraétion of Compofition. 


T wer or more bodies, united by the attraction of ,compofition, 
form a fubftance, whefe properties .are very Mieecns Boos thofe 
of any one of the bodies before their combifation. ., 

‘This law, ia particular, requires to be).well proved, becaufe 
many: celebrated chermiits of the prefént age have’ entertained no- 
tions: refpecting compounds, which by no means agree. with the 
greater number of facts, and are directly oppofite to what we 
here offer, as one of the principal and moft remarkable of the 
Siriteiv sag attending the attraétion of compofition. | 

Stahl and his followers, whofe abilities in other refpeéts have 
been of fuchimportant fervice to chemiftry, have'affirmed, that 
compounds always, partake of the properties of the bodies that 
enter into their compofition; and that their properties are inter- 
mediate between thofe of their principles... They have even car- 
vied this notion fo far, as to ingaree that it was poflible to 
conjecture, from the properties of a ‘compound, the nature of 
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the bodies that compofe it. From confiderations of this kind 
it was, that Stahl pronounced falts to be compofed of earth and 
water, becaufe, he thought, he obferved” in all falts, properties 
intermediate between thefe two fubftances. As we propofe to. 
difeufs this do€trine when we arrive at the part of our work 
that treats of falts, we fhall make no obfervations on this exe 
ample in this place; but thall content ourfelves with obferving, _ 
that the chemifts, who have followed Stahl in this opinion, have — 
not had better ‘fuecefs than himfelf in their proofs; and. that 
the ‘intermediate or mean properties which they have pretended — 
to difcover i in compounds, have feldom any but the moft remote 
"Agreement with thofe of the fubftances that conftitute the com~_ 
bination. This obfervation we fhall eftablith from the confider= 
ation of the very inftances that are urged by Stahl himfelf.. ‘andl 
we cannot here avoid remarking the difficulty which that. author 
appears to have met with in eftablifhing this opinion in his writs 
mgs, and the embarraffment which prevails in his explanation: 
Thefe™ confiderations engaged M. Bucquet and myfelf to’ aah 
mine this theory with attention, and induced us to adopt anos 
ther direCtly oppofite to it. | LTE N 
In reality, nothing more will be necettiedets to prove the exifhe 
ence of the law concerning which we are now treating, than 
point out inftances of compounds, whofe properties are entirely 
new, and have no kind of relation to thofe of their component _ 
parts. ‘The hiftory of chemical combination tends to fupport our 
pofitiony and there is not a fingle fact which will not apie: 
matter for its proof *. : ‘ Lf 
‘To fhow (1) that bodies which enter into piel erage lofe th > 
st penties they before poffeffed : (2) That they acquire new pr 4q 
perties totally different ; let us fix our attention upon fuch prope q 
ties, as if varied, will affect the fenfes very confiderably i im cc 
quence of fuch variation. ‘The taite is often very confiderable 
two fimple bodies ; and when they are combined, they have a very. 
faint or feeble tafte when compared with that before poffeffed a 
either. ‘Sulphat of potafh, or vitriolated tartar, which is 
duced from the union of two ftrong cautftics, the falphuric 4 
vitriolic acids: and ‘pure potafh, has only a bitterifh tafte, whie 
‘Ts certainly, not an intermediate between the two cauftic f ts 
On the ‘contrarys: two bodies: that have little or ‘no tafte, 
acquire-a very, pungent. one by their, union. A few™ grains ¢ § 
x > 
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Okygenated muriatic acid, diluted in a glafs of water, and a few 
grains of mercury feparately given, are not capable of producing 
any noxious effect on the animal economy; while the fame 
dofe of the oxygenated muriat of mercury, or corrofive fubli- 
mate formed by the union of thefe fubftances, and adminifter- 
ed in the fame vehicle, is one of the moft violent poifons, and 
of a moft corrofive tafte. 

The attraGion of compofition, has a fingular influence on the 
form. It often happens, that two matters, that are not fuf- 
ceptible of cryftallization alone, afflume a regular form when 
they are united, as is the cafe with the muriatic acid gas, and 
ammoniac or alkaline gas, which, in the inftant of their union, 
conititute cryftals of muriat of ammoniac.. In other cafes, the 
form is fimply changed and modified, as in the union of cer- 
tain neutral falts with each other, of fulphur with metals, and 
in metallic alloys, which exhibit, according to Abbé Mongez, 
cryftallizations fomewhat differing from thofe of the metals in a 
ftate of purity. La//ly, Bodies very fufceptible of cry{tallization 
alone, lofe this property when united with other bodies; as me- 
tals united with oxygen, and fome of them when united with acids. 
We are obliged to make ufe of terms and denominations in this 
preliminary mattet, which are yet unknown to the learner; but 
the index, and the commencement of the articles of the work to 
which the index refers, may be confulted for the explanation of 
thefe words. This is an inconvenience which cannot be avoided 
in the elements of a {cience. 9 sheer 

The fame obfervations, in proof of the law we offer, may be 
made with regard to confiftence. It is feldom thé fame ih a 
compound, as in the principles that compofe it. ‘Thus’ it is 
found, that two fluids, united with each other, fuddenly pro- 
duce a folid, as is feen in a folution of potafh added to fulphuric 
acid in their concentrated ftates 3 and that from the union of two 
folids, there frequently refults a fluid, as in neutral falts com- 
bined with ice, and in the mixture of an amalgam of lead with 
an amalgam of bifmuth. . 
» The colour is frequently altered in combination. Sometimes it 
difappears, as when the coloured muriatic acid is added to a me- 
tal, the folution is tranfparent. V ery often two bodies aflume a 
deeper colour than before, in confequence of their union; as 
when iron or copper are diffolved in mott acids, or lead, ‘mer- 
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cury, and moft of the metals united to — and in the on 
ot metallic oxyds. + cre selina 
It is frequently eM: that! two bodies of very - pungent, fsa 4 
‘Buisc: by/uniting, a fubftance without ‘fmell; as» the muriatic : 
acid’ gas, and ammoniac or alkaline gas, already mentioned, both 
“which have a fuffocating fmell, but, in their union, form a neu- 
tral falt known by the name of muriat of ammoniac, which has - 
feareely any fmell, Again, from inodorous bodies, a compound ” 
mafs arifes, whofe {mell is ftrong. Sulphur and fixed alkalis, 
which feparately have no {mell, form, livers of fiche} or ful- 
phures of alkalis, which. are very fetid when moiftened. - | 
_ We may make the fame obferyation with refpe& to futility. 
Two fubftances which are very infufible, or very difficult to fufe — 
feparately, become very fufble when they are united 5 ; the com-_ 
binations of fulphur and of metals, afford baila friking mies 
of this affertion. sot ne 
The foregoing facts are far from being the ais ones. sfhich 
snight be urged in fupport of this law. ‘There aré many other 
that will offer, in the courfe of chemical reading, which it. nie 
not at all be difficult to apply. bay + hottie ev 


Seventh Li the Attr ee 
Seventh Law of raclion of Compofit tio cribinitytig§ 


The attraGtion of compofition is meafured by the difficulty of r 
deftroying the combination formed between two or more bodiesi*. — 
-Chemifts are acquainted with methods of feparating: bodiés in 
combination with each other, whatever the degree of the sad= 
hefion or attra€tion may bé3 but thefe. methods are more or. lefs 
eafy, and differ in their degree of complication or fimplicity: : ih : 
-obferving the appearances that take place in thefe procefles, . itis 
conftantly feen; that the more perfect the compound, the mote 
difficult it is to feparate the principles, and. deftroy: the. cOmpor 
fition. The degree of difficulty experienced in making this few 
paration, may, therefore, ferve to fhow the adherence, or attrage 
tion, that exifts between bodies refpetively. v boris 
We infift the more ftrongly on ‘this law; beeaufe it is ‘dice for 
 begiriners to miftake in eftimating thie difference of attraction 
_ that obtains among the feveral bodies they combine: together. 
"The rapidity with which certain bodies unite, may. naturally pro- 
duce a conclufion that the adhefion between. them is very: ftrong. 
Long SADE however, has fhown that this rapidity, | fo fi f 
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from indicating the: more perfect combinations, rather fhows a 
weak adhefion, and produces only a very imperfeét compound. 
In order; therefore, to fix with exa€tnefs the degree of affinity 
~ with which bodies combine and remain united, we muft have 
, -recourfe to the meafure of the difficulty experienced in feparat- 
ing them; or deftroying their union. The examination of the 
eight and laft law me clear up this matter. 
‘ 4 at .. Eighth se of the Attraion of Compofition. 
All bodies have not the fame force of chemical attraction with 
_ tefpeat to each other; and it is poflible from obfervation, to de- 
| vine the degree of the force exifting between different bodies, 
» All es have not.an equal tendency to combine with each 


ter and a Bear ; shots it would bs falfe to aflert, that there 
i$ no mutual attra€tion between them; other fubftances unite 

with difficulty, after a very long time.’ 
_* But the moft important circumftance in the variety of che- 
“mical attraétion, is, that as this force is not equal amongft all 
bodies, it is practicable, from the knowledge’ and application of 
this phenomenon, immediately to effeét the feparation of two 
bodies, whofe union forms a compound. Bergman devifed. the 
: of ‘eleGtive attractions, to exprefs, that there is a kind of 
" between thofe bodies, which, in order to combine toge- 
4 ‘are decompofed or {eparated from matters before united 
hae It is even certain, that the moft eflential part of 
. art of chemiftry confifts in producing fuch decampofitions, 
by means of which, it works a kind of miracle in the eyes of 
as are unacquainted with them.) To explain this, let us 
fuppofe two bodies to adhere together, with a force denoted by 
the number four, as for example, an acid and an oxyd, or metal- 
lie calx ; and let a third body be prefented, which has an affinity 
tothe acid equal to five or fix, as for example, an alkali. What 
x Lbe the confequence ? The alkali, which tends to unite with 
acid, by virtue of a force fuperior to that which joins the 
acid to the metallic oxyd, muft feparate .the latter, in or- 
der feize the acid. As this, in faét, takes place, the metallic 
is feparated, and a new combination is formed between the 
J and the alkali. This decompofition ig denominated preci- 
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pitation; becaufe the matter foparated commonly falls to the bot- 
tom of the fluid. | . y dao 
_ The matter that falls to the bottom is called a precipitate,: ae 
the fubftance added is called the precipitant. Precipitates may 
be diftinguifhed into four kinds. ‘The true precipitate is formed, 
when one of the principles, fuch as it exifted in the compound, 
is feparated, and falls down. Thus, when fulphat of lime, 
formed by the combination of the fulphuric acid and quick-lime, 
is decompofed by the addition of potafh, which has a greater af- 
finity with the acid, the lime is feparated, and, falling to’ the 
bottom, conftitutes a true precipitate. There is a falfe  precipi- 
tate obtained, when the new combination, formed between: the 
precipitant or fubftance added, ‘and one of the principles of the. 
compound, falls to the bottom by reafon of its infolubility, and 
the feparated matter remains in folution. Thus, in decompofing 
the nitrat of mercury, by the muriatic acid, with which the 
oxyd of this metal has more affinity than with the nitric acid, 
the new combination of mercury and muriatic acid falls to the ' 
bottom of the veffel, forming a falfe precipitate, above which the © 
~ nitric acid remains diffolved in the water. This difference de-_ 
pends only, as we fhall fee elfewhere, on the difference of fo. — 
lubility of the matters. 2 
Tt may eafily be feen, that the erroneous -daaaaeaaiaa oh hid . 
faft example tends to miflead beginners. | It is,certain that thofe _ 
who gave the name of precipitate to the fubftance feparated — 
from the compound by the precipitant, ought not to have applied | 
it alfo to the new combination produced in the latter cafe. But. 
even fuppofing that the name precipitate were confined to the — 
matter feparated by the precipitant, it would ftill be productive - 
of error, becaufe there are many cafes in which the feparated — 
matter, fo far from falling to the bottem, rifes and is volatilized. | 
This happens when the combination of muriatic .acid, and ams 
moniac or volatile alkali, known by the name of muriat of ams 
moniac, is décompofed by quick-lime, which has a greater affie 
nity to the acid than the volatile alkali has; the latter flies off in 
- vapour, and no precipitate is found in the mixture.) ¢ {vile iff 
It is fufficiently clear, that a liquid muft be prefent in the oped 
rations that afford the precipitates we have fpoken of. In this 
cafe, the precipitation is faid to be effeCted in the humid or moift 
way, in order to diftinguifh it from that which is made in the | 
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@ry way, or by fire, and which is effe&ted either by fufion ‘or di- 

ftillation ; operations that willbe explained at length in the fol- 

lowing part of this work. | 
Modern chemifts have rey» diftinguithed, with much more 


_ propriety, two other kinds of precipitates. ‘Thefe are pure and 


impure precipitates. ‘The firft comprehend all bodies which, afe 
ter having been feparated from the compounds of which they 
were before a part, regain all their former properties, and appear 
to have fuffered no alteration, either in confequence of their hav- 


ing entered into a combination, or of their fubfequent feparation. 


The number of this kind of precipitates is very confiderable, 
though that of the impure kind is {till greater. 

That a precipitate may be very pure, it is neceffary, not only 
_ that it hall have fuffered no change in becoming part of a com- 
_—— but likewife that it fhall have no affinity with the preci- 


| pitant. For example, when fpirit of wine is poured on a folu- 
_ tion of fulphat of potath in water, the fpirit of wine, which 


> 
+ 


. 


‘ 


has more affinity with the water than it has with the falt, fepa- 
rates the latter ; and the fulphat of potafh falls down in a {tate of 
purity, becaufe it has fuffered no alteration from the water it was 
combined with, nor with the fpirit with which it cannot unite. 
But if two bodies are mutually altered in their union, as is the 
cafe when metals are combined with acids, then the third body 
employed to feparate them, as for example, an alkali, will preci- 


~ pitate the metal in a {tate widely different from that which is na- 
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tural to it, and by that means exhibits an impure precipitate. 
The fame thing happens, if the precipitant has any tendency to 
unite with the precipitate; as in the example already cited of a 
metallic folution decompofed by an alkali, a part of this laft falt 
may combine with the metallic oxyd, and render it impure. 


 Thefe two caufes of the impurity of precipitates are almoit al- 
“ways united. In fome cafes there is a certain method of imme- 


diately diftinguifhing an impure from a pure precipitate ; it con- 
fifts in adding a much greater quantity of the precipitant than 
is neceflaty to deftroy the combination ; and the excefs, by com- 
bining with, and diffolving the precipitate, will caufe it to difap- 
pear. By pouring ammoniac or volatile alkali on a folution of 
copper in the nitric acid, the copper is precipitated in the form 


of flakes, of a light blue colour. ‘The colour of this precipitate, 
ils 


far from refembling the metallic brilliancy of copper, immediate- 
H iiij 


120 ATTRACTION OF’ COMPOSITION. 


ly thows it to be an impure precipitate. This is ftill’ more ¢on= : 
firmed by the, addition of more ammoniac. This falt diffolves 
again the blue precipitate ; the liquor gradually refumes its tranf~ 
parency, and affumes a beautiful blue colour, which indicates the 
combination of the oxyd of copper with the volatile alkali. 
The exaét knowledge of thefe impure precipitates, which pre- 
fent themfelves much more frequently than the pure, is due to 
the refearches of M. Bayen on the decompofition of mercurial 
folutions by alkalis, and the ftate of the precipitates obtained in 
thefe operations. After the foregoing explanations, it will not 
be at all difficult to underftand the theory of decompofitions, 
as effected by the addition of a third body to a combination “of 

_ two decompofitions which are nti in emmy of fime | 
ple elective attraftions. usta eames 

Beginners will not find the fame facility’ in andeviveteaneg : 

what pafies in the more complicated phenomena called by che- 
mifts double elective attra€tions. It often happensy that a ‘com- ~~ 
bination of two bodies cannot be deftroyed by a third or a fourth 
body feparately, though if a compound of the two laft were 
prefented to the former, a mutual decompofition “would take 
place. An example will render this clear. Sulphat’ of potafh, 
or the combination of the fulphuric acid with potath, cannot be 
decompofed either by the cold nitric acid, or by lime, if pre- _ 
fented fingly ; but if to a folution of this neutral falt, be added 
the neutral falt formed by the union of the nitric acid anid lime, 
the two combinations are mutually decompofed ; the nitric” acid 
{eizes the potafh and forms nitre, while the fulphuric acid unit- 
ing with the lime, forms fulphat! of lime; which, being much 
lefs foluble than the nitre, falls to the bottom. ‘The explanation 
of this remarkable phenomenon is as follows. ‘The ‘fulphuric 
acid, united with potafh, cannot be decompofed’ by the nitric 
acid, nor by lime ; becaute its affinity with the alkali is greater 
than that of the nitric acid or lime, either to! itfelf, or to the ale 
kali; But when we add to fulphat of potath a compound of nie — 
tric ‘acid and lime, the nitric acid tends to unite with the potath, 
at the fame time that the fulphuric acid tends to combine with 
the lime; hence we may fay, that the decompofition of: fulphat — 

~ of potafh, begun by the nitric acid, is completed by the lime. bis 
To render, this {till clearer, let us aflume numbers to exprefs the 
forces, Suppofe the fulphuric acid to adhere to. alkali, with 
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a force denoted by 8); the nitric acid tends to unite with the al- | 
kali with a lefs force, which therefore we may call 7 ; and there- 
fore cannot fingly effect the decompofition. ~Again, If, on the 
other fide, the tendency of the lime to unite with the fulphuric 
acid be aflumed, for the fame reafon, "to be 6, it will, with the 
former, conftitute a force equal to-13, which will overcome that 
by which the fulphuric acid adheres to the potafh. This com- 
pound force muft .alfo be greater than that which retains the. 
nitric acid, and lime, in a ftate of union. 

In double eleCtive attractions, there are therefore two kinds 
of attractions, which it is neceffary to diftinguifh. 1. That by 
virtue of which the principles of each compound adhere to each 
other. It is this degree of force, which, in the inftance adduced, 
retains the fulphuric acid, in union with the potafh, and: which 
caufes the nitric acid to adhere to thelime. - With Mre Kirwan 
I fhall call this force the guie/cent attraétions, becaufe it tends to 
preferve the union of the four principles in their original form. 
2. That by virtue of which the four principles change their or- 
der, and form new combinations. In the inftance cited, the. 
potafh: unites with the nitric, and the lime with the fulphuric 
acid. I fhall call this force the divellent attraGions, becaufe it is 
capable of deftroying the effect of the former. By the help of 
this ufeful diftin€tion, we may very eafily fhow what happens in 
the \decompofition and new combinations by double afhnity, by 
forming a table after the manner of Bergman. For this purpofe, 
the two compounds, that mutually decompofe each other, are 
to be placed between two braces oppofite each other, fo that: the 
acids may be oppofed to the bafes they exchange ; and by adding 
together the numbers exprefling the force of the attraction the 
four bodies have for each other, the two horizontal numbers will 


- give the fum of the quiefcent attractions, while the two vertical 


numbers will exhibit the divellent attractions by which they are 
oppofed. If the fim of the latter exceeds that of the former, 


_ a double decompofition and combination will follow. By apply= 
ing the method tothe preceding example, its utility and precilion 


will be eafily feen. 
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Sulphuric ‘ Lime. 
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Sulphat of lime *. 


Chemifts have not, till very lately, attended to “ ddbhax 
ele€tive attra€tions; and the inftances wherein they take place 


are far from being all known. They who employ themfelves in. 
chemical refearches, will continually obferve this kind of decom- 


pofition in circumftances where no fuch event has been fufpected. 
Many occafions will prefent themfelves in the hiftory of faline 
matters, in which we fhall obferve thefe double elective attrac- 
tions as lately difcovered by Bergman, Scheele, &c. andourfelves *. 

We cannot quit the explanation of this eighth and laft law of 
the attraction of compofition, ‘without taking notice of the inge- 


nious method, firft contrived by a French chemift, to exhibit at 


one view, the leading phenomena of chemical decompofition. 
Geoffroy the elder, paying greater attention than his predecefiors 
to the various relations between chemical bodies, and the preci- 
pitations they occafion, contrived, in the year 1718, to reprefent 
in atable, in the order of their affinities, fuch bodies as he had ob- 
ferved. We confine ourfelves to the fimple mention of this happy 
thought in this place, which we fhall have many opportunities of 
explaining in the courfe of the prefent work. Geoffroy offered his 
table to the public, as an eflay to which he fotefaw it would be 
‘neceflary to make great additions and alterations. Many chemifts 
have adopted and extended his plan. Rouelle the elder made 


fome corre€tions in his table, and added feveral columns. M. de 
Limbourg, a phyfician at Spa, in an excellent differtation, which — 


gained, in conjunétion with M. Sage of Geneva, the prize pro= 


* I have explained ten examples of double decompofitions that take place in mix= | 
ing neutral falts, in my Memoirs et Obfervations de Chimie, Vol. I. p. 308 and 438. _ 
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pofed in 1758, by the academy of Rouen, has conftruéted a table 
of ftill greater extent. Gellert, in his Metallurgic Chemiftry, 
has alfo given a new one. But no one has advanced this part of 
chemiftry more than M. Bergman, profeflor of chemiftry at Up- 
fal. This celebrated chemift has made a diftin€tion between the 
attractions, like Baume, that take place in the dry and humid way. 
He has given two very large tables, in which he fhows the elec- 
tive attractions which exift among a confiderable number of bo- 
dies. We are likewife indebted to the fame philofopher for a 
very ingenious table, in which he has found means, by a peculiar 
difpofition of the chemical charaéters, to prefent a view of the 
phenomena of double elective attra€tions ; of which an example 
has juft been given §. 
| h After haying thus exhibited the principal phenomena of che- 
mical attraction, and eftablithed the laws by which this force ap- 
pears to be governed, we fhall proceed to take notice of certain 
cafes in which thefe laws feem to ‘ve fubje€t to variation. We 
fhail not here enter into a detail of the faéts on which this affer- 
tion is grounded, becaufe it is our intention to remark them care- 
fully wherever they occur. We fhall, therefore, only obferve, that 
the apparent inconitancy of the laws of chemical attraction depends 
folely on certain modifying circumftances; as the quantity of mat- 
ter, the temperature of the atmofphere, motion or reft, folution 
by water or by fire, that is, by the humid or dry way, the par- 
ticular ftate of aggregation, &c. Bergman has confidered all 
_ thefe circumftances with fingular care and attention, and has ex- 
plained the various apparent changes they are capable of producing 
in the laws of attra€tion. And from the whole of the facts which 
he has collected on this fubjeét, he has concluded that thefe va- 
riations ought not to be regarded as exceptions, and are by no 
means fuflicient to weaken the evidence on which the dotrine of 
chemical attractions is founded. 
This fhows the opinion which ought to be entertained of two 
_ other kinds of affinity admitted by certain authors. ‘The one is 
the affinity of intermedium, and the other the reciprocal afhinity. 
By the firft, they underftand that which caufes a body in com- 
ination with another to unite with a third, though it would not 
have united with this laft, if it had not previoufly been combined 
with the former. Oil, for example, will not unite with water; 
but where the oil is combined with a falt, a foap is produced fo- 
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luble in water, by the medium of the faline matter. It is not, 
however, the falt that renders the foap foluble, becaufe it does 


not,exift in the combination with all its faline properties ; but. it 


is to the new properties of the compound foap, that its folubility 
in, water is to be referred... This phenomenon is entirely depend- 
ent on the fixth law of chemical attra€tion, which declares, 
that compounds poilefs properties entirely new and different from 
thofe of their component parts j. : : 

The reciprocal affinity takes place bee a - ponent tot “two 
bodies is decompofed by a third, and the feparated principle. is 
capable of decompofing the new combination in its turn; fo that 
there feems to be a’ fort of reciprocity in the effeéts. So, for ex- 
ample, it is found that the fulphuric acid has a greater affinity 


with the potafh, than the nitric acid has, and. that it decompofes . 


the combination of this alkali with the latter acid. Neverthelefs, 
the nitric. acid can, in its turn, feparate the fulphuric acid from the 


alkali, fince it is certain, that by heating fulphat of potafh with. 


nitric acid, nitre is. again formed. ‘This kind of affinity admitted 
by M. Baume, is to be attributed folely to the circumftances 
that produce.a change in the forces, 'Thefe are heat, and the 
itate of the nitric acid, for it is in fact neceflary that the nitric 
acid. fhould be hot, to decompofe fulphat of potafh; and: the 
nitre formed in this operation is again decompofed by the ful- 
phuric acid, when the mixture SCR cold, ‘The fuming or 
nitrous acid decompofes fulphat of potath in the cold; fuming 
fpirit of falt or muriatic acid, effects the fame decompofition ac- 
cording to the obfervation of M. Cornette; but Bergman has 


with great reafon obferved, that the odorous and fuming acids 


have other affinities than the fame acids fimple ; ; belides there is 
only a {mall part of the falts decompofed ae 


Tn every cafe of this kind, the order ‘of the elective attractions 


is changed and modified by particular cismunitaulita The other 


fa&ts whereon Baumé founds his proof of the reciprocity of af- 
finities, as the decompofition of muriat of ammoniac by lime, 


and of the muriat of lime by concrete volatile alkali, belong 
to the double affinities, as we fhall fhow when we come to Se 
of thefe falts.. 

_ Nothing remains at prefent to conclude our difcourfe on chemis 
cal attraGtion, but to exhibit the opinions of fome philofophers 
on the caufe of this force. | 
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Thofe philofophers, who firft attended to the fubje@, attri- 
buted it either to the fimilar figure of the elementary molecules, 
or the phyfical configuration of the parts; or laftly, to a certain 
occult relation of their intimate compofition. Thefe early notions 
are neceflarily connected with the mechanical explications that 
embarraffed the fcience of natural philofophy in its infancy. = 
. The greater number of fuch modern philofophers, as have en- 
deavoured to explain the caufe of the attraétion of compofition, 
have obferved a remarkable analogy between this force and» the 
Newtonian attraction. -Perfuaded that nature is fimple and uni- 
form, they concluded that the property of mutually uniting muft 
depend on that of attraction, which all bodies are known to pof- 
fefs.. ‘They have formed a comparifon between the {mall chemi- 
cal bodies which are acted on by the affinities, and the large mafles 
that compofe the univerfe; and have confidered the approach 
of the former to each other to combine, asa confequence of their 
mutual gravitation. It.is by adopting and modifying this opinion, 
that certain writers have concluded that the force of chemical 
traction follows the ratio of the weight, and that the heaviett 

- body poffefies the power of combination in the ftrongeft degree. 
_ This hypothefis fometimes agrees with facts *, as may be obferved 
with regard to many acids 3 but it cannot be reconciled to a great 

~ number of decompofitions, particularly thofe of metallic fubftan- 
_ces,: Laftly, Some chemifts have been fo firmly perfuaded, that 
there. is the.moft perfect relation between attraction and chemical 
__afhnity, that they,,have imagined it poilible to meafure and com- 
» pute its force from the adhefion that takes place between bodies 
M. de Morveau, whofe opinion is of fuch authority as to lead 
that of, other philofophers, has made fome experiments with a 
view, to-prove.this affertion,, 'Thefe experiments confifted in ap- 
plying to the furface of mercury; metallic. plates of equal dia- 


© *Phis hy pothefis cannot be brought to the teft of experiment, and muft therefore 
- teft, likesiiarly others, entitely on its analogy with the phenomena that fuggeited 
- ite»'The force of affinity may depend on, or be proportional to, the fpecific gra- 
- ity of the particles; but that {pecific gravity;has no fort.of relation to, and cos 
Tequently is not deducible from, the fpecific gravity of the aggregate. To mention 
“oie, afhong innumerable inflances, ini proof of this affertion; it is found that fixed 
«air tompofes more than one third of the weight‘of ‘calcareous fpar, whofe denfity 

is nearly three times that of water; but when difengaged, occupies many handred 
times, the former fpace. Can.the fpecific gravity of its particles be inferred from 

“either Mate ? Certaisily hot. * ‘T. 


126 —C ATTRACTION OF COMPOSITION, 


meter, fufpended from the arm of a balance, whofe other “ex- 
tremity carried a difh as ufual. In this laft he placed weights, 
till their force became equal to the feparation of the metallic plate 
from the furface of the mercury ; and he found, by comparative 
trials with different metals, that their adherence to the mercury 
was various, and agreed fufficiently near with their affinities with 
that fluid. That is to fay, he found that gold adhered the ftrong- 
eft of all tothe mercury, while cobalt, which is fearcely capable 4 
of uniting with it, was raifed very eafily from its furface, with 
which it has little or no adhefion. We mutt here take the liberty 
of obferving, that experiments of this nature are fubje€t to error 3 
becaufe the lower furface of the metal muft combine’ with the 
mercury; and the portion of amalgam formed in thefe circum- 
ftances, being naturally more confiderable where’the metal unites 
the moft readily with the mercury, will then add moft to the 
weight, and confequently require the greateft force to lift it up 
from the furface of the mercury. A plate of metal which ad- 
heres to the furface of mercury cannot be taken up without fe: 
parating the latter into two ftrata; fo that the weight neceflary 
to raife the plate is employed in overcoming the adhefion of the 
particles of mercury to each other, AES than in Heltesiees that 
of the foreign metal with the mercury !. my Ph 
We may therefore affirm, that if the chemical atin Gach? be the 
fame force with the general attraCtion, the difference of its laws, 
compared with thofe of this laft, fhows that it is a peculiar mo-. 
dification. This truth may be eafily afcertained, by comparing — 
the knowledge we poffefs concerning the. attra€tion admitted by — 
Newton, with that which we begin to have concerning chemical 
attra€tions. In reality, the former does not fenfibly-fhow itfelf, - 
but between large mafles, and is in the dire&t ratio of the quan- 
tities of matter; whereas the latter is not obferved, but between 
“very minute bodies, and is abfolutely infenfible when the bulks 
are confiderable. ‘The former exerts its power, at immenfe. di- 
ftances ; but the latter does not exift but between bodies in con- 
tact, or neatly fo™. We have already exhibited a part of the 
comparifon, in examining the laws of the chemical force we are 
inquiring into ; and we believe, after all thefe reflections, that the 
difference between thefe two natural phenomena is fufliciently ” 


marked to render it incumbent on philofophers to make a diftine- 
tion between them. 


Saw 
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{Page 107.] 


a Mk. Kixwan, in the courfe of his interefting inquiry concerning the at- 
tractive powers of the mineral acids, has drawn the line of diftin@tion between 
chemical affinity and thofe other powers of matter to which it has the greateft 
refemblance. The infertion of his remarks upon the fubje& may not be unac- 


- ceptable or unufeful to the reader, fince Fourcroy has neglected to give a difcris 


minative charaéter of chemical affinity. 
“ Chemical affinity or attraction, Mr. Kirwan obferves, is that power by which 
the invifible particles of different bodies intermix and unite with each other fo 


_ intimately, as to be infeparable by mere mechanical means. In this refpedt it dif- 


fers from magnetic and electrical attraction. It alfo differs from the attraction of 


 eohefion* in this, that the latter takes place betwixt particles of almoft all forts of 


bodies whofe furfaces are brought into immediate contac with each other; for 
chemical attraction does not act with that degree of indifference, but caufes a 
body already united to another, to quit that. other and unite with a third; and 
hence it is called eleive attraction.” (Philofophical Tranfactions for 178 3> P- 35+) 

b Morveau has very properly pointed out the inaccuracy of this expreffion. 
The affinity of compofition does not become fronger as the affinity of aggregation 


‘becomes weaker ; it becomes more efficacious only ; the abfolute power remains the 


fame; the effect produced by that power increafes, becaufe the refiftance oppoled 
to it is leffened. It is farther obvious, that in eflimating the force which the af- 
finity of aggregation oppofes to chemical union, we fhould confideriit in exa@ly 


the fame light as any other guic/cent affinity. 


€ This law of chemical affinity has been reje&ted by Morveau, as conveying an 
incorreé&t notion of what occurs in the cafes of chemical combination to which it 
refers, “ It frequently happens, he obferves, that three feparate bodies, meeting 
in a fluid ftate, unite and form a fingle mafs, which has all the characters of a 
homogeneous compound, and which retains this character, till:its compofition has 


been altered by chemical means. Such, for example, is the alloy of gold, filver, 


and copper. It has been faid, that this triple compound is formed by what has 
been called complicated affinity; but this kind of expreflion ferves only to divert the 
mind from taking a juit view of the experiment. It is not the fimultancous and 
reciprocal action of the three metals on one another, that is effential to the fuccefs 
of the experiment ; we have this proof of it, that precifely the fame alloy is ob- 
tained, whether the gold be firft united to the filver or to the copper, or though 
the copper be firft united to the filver. We have, therefore, two fucceflive com- 
binations during the experiment. In the firft of thefe, a particle of one of the 
metals comes into contact, and unites with a particle of one of the other metals; 
and, in the fecond, this newly formed compound unites to a particle of the third 


* Mr. Kirwan inadvertently ufes the term of cobefion in the fenfe which is 
more properly expreffed by the term of adbzfion, By cohefion is meant the force 
which unites together particles of the fame nature, and forms them into a more 
or lefs refifting mafs; and in this fenfe cohefion is nearly fynonymous with the 
affinity of aggregation, while adhefion denotes the force by which the furfaces of 
different badies are held together. 
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metal, in confequence of the affinity which, as:a compound, it acquires for that mes 
tal. There is nothing peculiar or extraordinary in this. We have, as in other 


cafes, two chemical forces acting in Acuna and two fucceffive combinations — 


formed.” 

«© What has been faid of the nlen of three metals, may be applied to all fimi- 
Jar cafes, whatever be the nature or the number of the fubftances employed.” See 
article Affinity of the chemical part of the Encyclopédie Méthodique, page 550. 

/ 4 Nothing can be more certain than that every chemical compound poffeffes 
roperties, which are in fome refpect different from-thofe of its immediate cons 
ftituctits, and which cannot be faid with any meaning to poffefs a middle nature 
between the properties of thefe conftituents. But we are not on that account to 


gmagine, that compounds, uniformly differ in all their chemical ‘properties from > 


their conftituents, as the expreflions of Fourcroy would feem' to imply. | The con= 
trary is frequently the cafe. ‘The faturated carbonates of potafh, foda, ammioniac, 
écc,.ac& upon the vegetable colours. in the fame manner that the pure alkalis do. 
‘The aciduldus tartrite of potafh is a regular compound, its conftituents having a 
determinate, degree of faturation, and yet it .reddens the vegetable colours as the 
fame acid would have done. Ammooniacal falts participate, in general, in the vos 
_ lubility of their bafe. We are not, therefore, to deny the réality of compounds 
exhibiting 1 in fome refpect therfame character with their conftituents. It is enough 
to diftinguifh them as different fubftances, that the compound pofleffes, fome one 
chemical property, differing in nature or in degree from any property of its con 
{ituents, or from any combination of their feparate properties suibhinowrio Ms 
€ ‘This enumeration is obviouily not a law of chemical afiinity, ‘but a truth of 
definition. ‘ . 
€ In every cafe erie more than three bodies are eivined for the tilled 


of any chemical change, we are to confider the change as depending not’ on fimple 


affinities, or dh the independent affinities. of fingle bodies to one another, but upon 
the fum of all the affinities that concur in tending to the fame end, » To illuftrate 
the principle, that in double elective attractions, the condition by which decom- 
pofition is determined, is the relative fum, of the divellent and quiefcent affinities; 
and not the {trength of any fingle affinity in particular, it may be proper to give 


an inftance in which no decompofition takes place,,when two fubftances are ufed 


together, though either of them could have effected. it if employed feparately: 


"The acetite of lime is decompofed 1 by foda ; it is alfo- decompofed by the muriati¢ | 


acid ; yet it refifts the agtion of the muriat. of todas The ise alc ai wilk 
illuftrate this. ; , Aduienal aii vd 


f Acetons acid... 28. Soda ay 


Acetite Moriat 
of 19 a8 S47 FF al Sere 
» lime. ES denice 7 Oa et 
Lime |. / 20 ~~ Muniatie acid Tah od whe gies 
_ F ver fie ii wy: jrarnid 
— 43  4onsen eferati 


th this inRatice the affinity of foda with the acetoiis acid is greater than the af- 
finity of lime with the acetous acid ; and the affinity of the muriatie acid with lime, 
is greater than the affinity of the aeetous acid with lime; but the fum of the: quis 
efcent affinities is greater than the fum of the divellent erie a and therefore no | 


decompofition takes ecg 


‘ 
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_ In many cafes of chemigal mixture, the affinities of more than four fubftances 
are concerned; and though fuch cafes are of the fame nature with thofe of double 
- elective attraction, yet that term feems inapplicable to them, as it implies the 
_ agency of only four fubftances. Morveau has, therefore, fubftituted the language 
of concurrent affinity [affinité par concours ), as the general expreflion for that tendency 
to chemical combination, which is rendered efficacious by the conjoined operation 
more affinities than one. It is probable that this expreffion will be adopted in 
“the place of Bergman’s, which is evidently too reftricted in its literal application. 
t may farther be obferved, that in every chemical combination which is pres 
age decompofition, the. divellent and quiefcent affinities muft-be equally at- 
ed to, in order to! form a proper eftimate of the experiment ; for the quiefcent 
init ies, even when they cannot prevent decompofition entirely, are ftill able to 
mi ninifh the promptitude with which it takes place, and frequently to ftop its pro- 
fs at a lower point of faturation than the divellent fubftance would otherwife 
uire. It will alfo happen, on fome occafions, that the concurtence of feveral 
ellent affinities, though not abfolutely neceffary to produce 2 particular effed, 
il yet vaccomplifh it more completely, and with greater facility, than any of 
n fingly could have done. 
43 See Appendix. 
‘The laws of chemical affinity propofed by Morveau fmt Miibotique } 
fumes different from thofe enumerated by Fourcroy. The followingjare 


di 


| He Auch by a variety of inftances, that when two bodies are prefented to 
3 another, the faturated compound which refults from their union is capable of 
¢ with an excefs of one of its conftituents; but the affinity which pro- 
4 Boer, laft combination is not the fame with the affinity which unites together 
ne contituents of the compound itfelf; nor has it any known ratio'to this latter 
ty, but appears in every cafe to be very much inferior to it in flrength. The 
t is an appofite illuflration of thefe faéts and inferences. ‘The fulphat of 
cidode of the ftrongeft combinations in chemiftry, and one of the moft 
& neutral falts. When the concentrated fulphuric acid is boiled over this 
‘confiderable quantity of it is diffolved by the acid, and this quantity is in-. 
by precipitated by the addition of water. “We have in this cafe a faturateds 
d (the fulphat of barytes) uniting with an excefs of the fulphuric acid, 
ling with it a combination infinitely weaker than the fulphat of barytes, 
‘it is decompofed by the fingle affinity of the fulphuric acid with water. 

Me Owing café will ferve as another example of a compound uniting with 
of one of its conftituents, and at the fame time will explain an apparent 
ion to the ordinary laws of chemiftry. It is known that the fulphuric acid 
asa reer affinity with potafh than the nitric acid has. Yet Baumé, having dif- 
Ampere potath in an equal weight ‘of the nitric acid; obtained, after 
filtrating and evaporating the liquid, a confiderable quantity of tryftallized nitrat \ 
r atte, In this‘curious experiment there is a part ‘only of the fulphat of potafh 
‘decompofed, and what remains is combined with an excefs of acid. From thefe 
a, and from analogous experiments with the muriatic and tartarous acids, Mor- 
ral u ‘has conftructed the apa table, to etal in what mariner part of the’ 
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Nitrat of potath. 


Cr mre cm een reer e 
Nitric acid.. 58 . Potafh faturating. 
about one third of 
‘aie , +L the neutral falt. 
: 62 = 64 


Sulphat of potafh which 34 Sulphuric acid faturat- 
remains undecompofed. == ing the fame quantity 
92.) Or ute tal. 7 


gs Sa SAE ER 7a nS a J 
Seiphat of potafh with an excels of acid. 


To take but.one other eats :—-Morveau procured cnalane of lime, by ad- 


ding lime-water to the oxalic acid; the liquor was ftill manifeftly acid; he fepa- 


rated the oxalate, poured a little diftilled water upon it, to carry off any. uncom- 
bined acid which might be adhering to it, and having placed it to digeft in the 


‘fyrup of violets, he found, at the end of a few hours, that the fyrup was quite 
green. We have, in this inftance, the example of a compound uniting with an ex- 


cefs of one of its conftituents, though an excefs of the other was prefent. 


Farther illuftrations of this principle will be found in we valuable flay of Mor- o 


veau, fo frequently referred to. 


If. Chemical affinity is influenced by temperature ; its -agtion being abeslantibd, 


affinities of their conftituent parts with caloric, at different temperatures. Let 


retarded, prevented, or rendered efficacious, according to the degree of the teme 
-perature, . 


There are two cafes in which temperature moaitthe the sation of chetnial af- 
finity. . 


In the one, the compofition of bodies is changed, in soniellahas of the different : 


the affinity of A with Bx6, and its affinity with Cotg3 and let A.and € be.very 


fixed fubftances, or at leaft much Jefsvolatile than B; it is ‘evident that A will 


unite with B at the common temperature of the atmofphere, But if we conti- 


nually augment the temperature of the three bodies, the tendency of B to the 


ire of vapour will increafe in a fafter ratio than ‘that of the, other two, till at 


/ 


Jength this tendency, in addition to,the affinity of C with A, will overcome the, 
oppofing affinities, B will efcape in the ftate of vapour,.and.C will combine with — 
A. Qbvious examples of this mode of influencing affinity by means of sariten ‘ 


ture, occur in every part of chemiftry. 
2. But.there are cafes where the accumulation of caloric appears t to be a condiat 
tion eflentially requifite to determine bodies to unite, without the caloric combin= _ 


(ha 


7 


ing with any principle feparated from. thefe bodies at the inftant of their union, | 


or remaining in combination’ with the mew compound formed. ‘This happens” 


particularly in. cafes ‘of combuftion. Every one knows, .that, either a very high — 


temperature, or an ignited {park, is neceffary to difpofe hydrogenous gas to. com= 


bine with, the oxygen of atméfpheric air or oxygenous gas. In the fame manner 


‘charcoal, fulphur, phofphorus, &c. require a certain temperature for) their com 


bution, ; and this temperature varies according to the condition of the. oxygen, pres 
fented to them. Somé of thefe bodies, phofphorus in particule ‘bpm at: different | 


temperatures, but with very different phenomena. “7 
Thefe effeéts of temperature upon the affinities have been ckphenea’ ina setae 


; is by Morveau; but he has not attempted to give any Yationale of their caufe3 
nor indeed has any fatisfactory ee of them been given, — idee fome cure | 
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fory obfervations made by Berthollet, in an Effay on the Combination of Metallic 
Oxyds with Alkalis and Lime, publifhed in the Adem. de P’ Acad. 1788, it would 

_ appear, that, together with Monge, he conceives that this effe@ of caloric may be 

i generalized, by affimilating it with the operation of mechanical preflure in pro- 

_ ducing certain chemical combinations. Dr. Higgins has alfo Propofed an hypothe- 

a fis on the fubject. See Minutes of the Society for Philofophical Experiments and 

_ 4 Two fubftances may have an affinity for each other, and yet there may be 

if on wanting, which is neceffary for their chemical combination. Acids 

\ do not unite with alkalis, unlefs the one or the other be diffolved in water. Me- 

_ tals do not form alloys with one another, unlefs in the ftate of fufion. Metals are 

at ot foluble in acids, unlefs they be previoufly oxydated; and fome metallic oxyds, 
_ thofe of iron and manganefe for example, are capable of uniting with an excefs of 
‘ oxygen, fo as to be rendered a fecond time infoluble in acids. "To procure a che- 
thical union in thefe cafes, it is neceffary to diffolve the acid or alkali in water ; 
to reduce the metals to the ftate of fufion; to oxydate the metals that are to be 
combined with acids; and to difoxygenate in part thofe oxyds which have receiy- 
ed an excefs of oxygen. But when fubftances have an affinity for one another, 
and are prevented from combining together, as in thefe inftances, by the abfence 
of fome condition neceflary for their union, Morveau applies the term of affinit? 
| Gifpofee, to exprefs the change that takes place in the operation of their affinities 
when the obftacle to their union is removed. ‘The ufe of this term may be illuf- 

‘trated from an explanation that has been given of the facility with which iron dif- 

| folves in the diluted fulphuric acid. It is neceffary to mention that iron, like the 

other metals, is infoluble in acids, unlefs previoufly oxydated. It is alfo neceflary 
to \ ferve, that iron decompofes water flowly at the common temperature of the 
mofphere ; but when a little fulphuric acid is added to the mixture of water and 

‘the water is then decompofed rapidly, and an oxyd of iron formed, which is 

tely diffolved by the acid. But upon what principle does the fulphuric 

id accelerate the decompofition of the water, fince it is incapable of uniting with 

the iron till the latter has already decompofed the water, and acquired the ftate of 

"a black oxyd ? We anfwer, that the iron, in its metallic ftate, has an affinity ae 

ai uric acid ; that this affinity is indeed incapable of producing combinationy” 


i the iron, in its metallic ftate, cannot unite chemically with any acid; but 
“ f nity, f radded to the affinity which the iron has for the oxygen of the 


fame feries of chemical effets. The affinity of the acid with the iron, and the af- 


a affinité difpofee of Morveau); we muft have the iron oxydated. This is accom- 
_ plithed by the concurring affinities of the iron with the acid, of the iron with the 
cygen of the water, and of the acid with the oxygen of the water, as forming a 
Y flary conftituent of the metallic oxyd. 

It would appear, then, that the term of affinité difpofte may be retained in che- 
mi try, as the general expreffion for the effect of thofe changes in the condition 
of bodies; in confequence of which, their previoufly exifting affinities are enabled 
"to unite them chemically, and without which their union is imipoffible. The.cf- 
ff ité difpofée includes, as a more comprehenfive expreffion, what has been called 
‘th affinity of intermedium. It is obvious that the criticifm in the text will not ap- 
ply to the generality of cafes. It is true, that the fulphat of iron is ultimately 
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formed in confequenice of the affinity of the fulphuric acid with the oxyd of iron’; 
but hew are we to explain the rapid oxydation of the, iron, without a previoufly 
exifting affinity between the acid and iron, in its metallic flate; and why not a 
general expreflion, for the effect produced by the removing of thofe obftacles in 
the prefent condition of a body, which prevent its affinity for another body from 
accomplifhing their union. | dy ee 
k The anomalous appearances which had fuggefted to Baumé and Comierte the 
idea of reciprocal affinity, have been accounted fer, on the received principles of 

- chemiftry, by Bergman and Berthollet ;.and their explanations have been adopted 
by Morveau, who has inferted them, together with fome valuable fpeculations of 

his own, in the article Affinity, of the Encyclopédie Méthodique. It was intended to 
have given an abftra& of his remarks upon the fubject; but,.on farther reflec- 
tion, it was thought that the length and minutenefs ef the duicothon ed not fuit 
with the nature of an elementary work. : ay yeh : 

1 Thefe objections to Morveau’s experiments, it may be ubfesiads are aah 
{pecious than folid. For, in the jirft place, the quantity of amalgam formed du- 
ring the fhort time that the metals are in contaé, is. too inconfiderable, to. coun 
terpoife the weights which are found neceflary to break the adhefion of the mer~ 
cury with the metallic plates; and, in the /cond place, if thefe weights meafured 
the adherence of the particles of the mercury among themfelves, it is evident that, 
after making proper allowance for the fmall quantity of amalgam really formed, 

_ the fame weight fhould, in every inftance, overcome the, adhefion, and the na- 
ture of the metallic plate employed, fhould have no farther influence upon the | 
refult. The imperfection in Morveau’s theory, of obtaining data for calculating — 
the affinities, from the forces with which different bodies adhere together, confifts 
principally in the difficulty, if not impoflibility of applying his method toa pati : 
cient variety of fubftances. 

mM Jt cannot be faid that the comparifon made by Fourcroy, tends ner to ‘gin? 
cidate the queftion which he has fubmitted to his readers. For, in the firf place, 
fo far is the Newtonian attraction from being conceived to a& upon enormous 
maffes only, that it is a principle of the Newtonian philofophy, that every -par- 
ticle of matter gravitates towards every other particle of matter; and, in the /e- 

aod place, what is called by Fourcroy contac, is in truth only a fimaller diftance, 

The views entertained by the moft philofophic of the modern chemifts, upon 
this interefting fubject, are too remote from immediate application, to find a place 
with any propriety, in an elementary work. ‘They will be found in Bergman’s ‘s. 
Opuftula, in Macquer’s Diéticnnaire de Chimie, article Pe cfanteur , and in the aiticlay 
Affi aan of the chemical part of the Encyclopédie area fe 
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CHAPTER IV. 


’ CONCERNING THE PRINCIPLES OF BODIES» 


Puntosopners in every age have admitted, that all the variety 
of natural bodies are formed of primary fubftances, more fimple 


than themfelves, which they haye diftinguifhed by the name of 


_ principles.’ Chemifts, who have the ftrongeft conviction of this 


leading truth from their analyfes, have formed ideas, fufliciently 
precife, of the nature and difference of thefe principles; and have 
even admitted of feveral kinds or clafles. It muft, however, 
be remarked, that they ufe the word principle in a different fenfe 


_ from that adopted by the ancient philofophers. For Ariftotle and 
Plato did not regard any fubftances as principles, but fuch as are 


_ too minute to be perceived by the fenfes, and form, by their af- 
femblage, bodies fomewhat lefs fimple, which are within the 
_ fphere of perception, and were by them called elements ; a name 
 ftill-retained, and applied in the fame fenfe. Thefe are what 
_ other philofophers have called atoms, or monades. But chemitts, 


not choofing to enter rafhly into fpeculations of fuch fubtlety, ap- 


ply the term principle in general to all bodies, whether fimple, 
or more or lefs compounded, which they obtain in their analyfes. 
Yet as principles, confidered in this point of view, are very dif- 


_ ferent from each other, they have divided them into proximate 


and remote principles. ‘The firft are fuch as are feparated by a 


firtt analyfis, and may themfelves be compofed of others; as for 
example, in decompofing a vegetable fubftance, oils, mucilages, 
falts, and colouring matter, are feparated from each other, and 


_ are the proximate principles from which, by new operations, other 


_ principles may be had. By remote principles they mean fub- 
_ ftances more fimple than the former, and which enter into their 
_ compofition, ‘fince they may be obtained from them. Thus mu- 


~ 


’ cilage, which is a proximate principle of plants, affords bya new 


_analyfis, oil, water, and earth, which are the remote principles 


Pe * 


of the plant. Other names have alfo been given to thefe two 


_ orders of principles, fuch as principiated principles applied to 
_ thofe before called proximate, and principiant principles to thofe 


‘called remote. ‘Thefe words imply, that the firft are compofed 


_ of other principles, and that the laft are fuch as ferve to form or 


- gonftitute others more compounded. Some chemifts, for great- 
I iij 
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er accuracy of diftin€tion, admit feveral orders of principles. 
They call the moft fimple, or thofe which cannot be farther de- — 
compofed by the name of primitive, primary, or firft principles. 
Principles compofed of the moft fimple kind: united are called fe- 
condary, or principles of the fecond order. Principles of the 
third order or ternary, are compofed of thefe laft; and laftly; 
thofe into the formation of which principles of the third ordet 
enter, are termed quaternary, of principles of the fourth order, &c. 
The number of elements has not been always the fame among. 
philofophers. Some, with Thales the Milefian; who was. placed 
in the rank of the feven fages of Gréece, on account'of his un- 
common acquifitions in knowledge, and »who; according to Ci- 
cero, was the firft of the Grecians who applied himfelf to natural 
philofophy, have regarded water as the principle of all things. 
According to Anaximenes, air occupies this firft place 5 and he 
did not fcruple to deify this element, on account of its great im- 
portance. Some conferred this privilege on fire; others beftow- 
ed the chief dignity upon the earth; the leader of whom was — 
Anaximander, the difciple of Thales, and matter of Anaximenes. 
Every one found reafons to fupport his own opinion; but as the 
true method of conducting chemical and philofophical inquiries 
was not then know mn, we can only efteem thefe early notions as 
| {peculations, void of all foundation. About three centuries after 
the time of thefe philofophers, Empedocles, a phyfician of Agrti- 
gentum, thinking that the fimplicity of the four fubftances con- 
tended for as the principle of all things to be equal, united their 
opinions, by admitting of four elements, fire, air, earth, and wa- 
ter. In the fucceeding age, Ariftotle and Zeno, adopted this 
opinion of Empedocles. When we refleé& on the reafons that may 
have engaged thefe philofophers to regard fire, air, earth, and 
water, as elements, we are tempted to believe that it was not fo 
much in confequence of the accurate knowledge they could have 
acquired concerning thefe bodies, as in confideration’ of the: mag= 
nitude or quantity of them, and the conftancy or ‘invariability of 
their properties. Fire exifts every where, and its effeéts ate ale 
ways the fame. Our globe i is furrounded by a mats of air, the’ 
quantity and eflential properties of which do not feem fubje to, 
variation. Water is prefented to obfervation on the furface of 
the globe, in-an immenfe mafs, that fills up or conceals its abyf- 
fes or cavities. And. laftly, the gloke itfelf, whofe volume far 
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exceeds that of all the creatures that inhabit it, feems to be form- 
ed of a folid matter, little fubje& to change, capable of fixing 

or ferving as a bafe for the other elements, It appears, there- 
fore, that it was from confiderations, founded on the bulk and 
apparent immutability of thefe bodies, that the early fages were 
induced to regard them as the materials ufed WA nature in the 
formation of all other beings. 

The peripatetic doftrine which prevailed in tee {chools, pre- 
- ferved the Ariftotelian diftin€tion of elements, till the fixteenth 
century. At that period, the fect of chemifts, which began to 
prevail againft the others, admitted a new divifion of primary 
fubftances. Paracelfus, who was more of the artift than of the 
philofopher, drew immediate inferences from the refults of his 
operations, and acknowledged five principles; fpirit, or mercury; 
phlegm, or water; falt; fulphur, or oil; and earth. By fpirit, 
or mercury, he underftood every volatile and odorous fubftance, 
though fimplicity is far from being a conftant attendant on thefe 
_ properties. Water, or phlegm, comprehended in his fyftem, all 
_ the aqueous and infipid products, and is liable to the fame objec- 
tion with refpeé& to its pretended fimplicity, ‘The word fulphur, 
or oil, denoted all inflammable and liquid fubftances, and con- 
fequently a great number of bodies more or lefs compounded, as 
the fat and effential oils, &c. By falt, he indicated every dry 
fubftance poffefling tafte and folubility, qualities that belong to 
a great number of compounds. Laftly, the word earth was ap- 
' plied in the dotrine of Paracelfus, to the dry, fixed, and infipid 
refidues of operations, all of which are now known to differ ex- 
eee) from each other. 

Beccher, a chemift, who has treated his fubject in the moft 
philofophical manner, was aware of the objections that might be 
urged againft the doétrine of Paracelfus, and from a conviction 
of its infufficiency, he took another method of arriving at the 
elements of bodies. He firft diftinguifhed two principles very 
_ different from each other, humidity and drynefs, water and earth. 
He divided this laft into three fpecies; namely, the vitrifiable, 
inflammable, and mercurial. Vitrifiable earth, according to him, 
was that which alone poffefled the greateft immutability ; but 
when’ mixed with fome faline earth, was capable of forming the 
moit perfect glafs. He likewife attributed to it the property of 
Fendering the combinations into- which it entered folid, and litcle 

Yi ij 
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fubje& to change. The inflammable earth was known ip the 


combuftibility of the combinations it enters into. Beccher re~ 
garded it as the caufe of {mell, colour and volatility. The mer= 


curial earth he fuppofed to confift in mercury, arfenic, marine 
acid, &c. &c.3; and its peculiar charaCter was that of giving a 
very confiderable volatility and f{pecific gravity to the compounds 


‘in which it exifted, two inconfiftent and oppofite qualities. Stahl 


adopted, and commented on the doctrine of Beccher. He re- 
garded the inflammable earth as fire fixed in bodies, and gave it 
the name of phlogifton. 'He could not fucceed in demonftrating 
the exiftence of mercurial earth, and there has nothing been done 


to this day, which at all eftablifhes it. Stahl paid the greateft — 
‘attention to combinations containing earth, water, and efpecially 
phlogifton; but he has faid nothing concerning air, which Hales, 


nearly at the fame period, proved to be a principal agent in che- 
mical phenomena. 


From the time of Beccher and Stahl to the ates no ahaa 4 


has been made by chemifts in the dotrine of the elements laid 
down by the ancient philofophers. Like Empedocles, they have 


acknowledged four elements, and have confidered each in two. 
different ftates.. 1. As free, or infulated; in the large maffes of — 


air in the atmofphere, fire taken in general, water, and the earth 
attended to at large. 2. Oras combined ; and in this ftate they 
confider the air, water, and earth obtained from. different bodies 


in their ultimate analy fis. 


Such were nearly the opinions adopted sheen the prin- 
ciples of bodies, from the time of Beccher and Stahl, till the va- 


luable difcoveries of Prieftley and Lavoifier, on fixed air and com- 


bination, neceflarily introduced new opinions. In. fad, if im-: 


mutability of properties, unity, and fimplicity, be the true cha- 
racters of elements; and if it be admitted that this fimplicity no 
longer exifts,. when a body is os to be capable of decompofi- 
tion, it muft be remarked: 1. That among the four elements 


theré are at prefent two, arate air and water, the principles . 


of which, art has fucceeded in. decompofing and feparating. 


2. That elementary ¢arth is a creature of the imagination ; fince it | 


can be fhown, that there are many earthy fubftances equally fime 
_ ple and incapable of decompofition, as will be done in ithe cons 
cluding chapter of this firft part. | 


From this general enumeration of facts Oa to be more. 


~ Senin 
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fully explained, it follows, that the true principles or firft ele. 
ments of natural fubftances efcape our fenfes and our inftru- 
ments; that many of thofe“which have been called elements, on 
account of their volume, their influence in the phenomena of 


_ nature, and their multiplied exiftence in its different products, 


are very far from being fimple and unchangeable bodies; and 
that probably there is no body which falls under our fenfes which 
is imple, but only appears fuch to us, becaufe we do not poffefs 
the means of decompofing it. Thefe affertions moreover agree 
with the opinions of fome of the ancient philofophers, who did 
not regard the elements as the moft fimple bodies, but fuppofed 
* them to be formed of principles of a far greater degree of tenuity 
and unchangeablenefs. 
Thefe notions concerning thofe bodies, which have for fo many 
ages enjoyed the exclufive title of elements, and to which we 


_ deny that prerogative, do not prevent us from confidering fire, 
air, earth, and water, as containing the principles of which moft 


‘ 


J 


other natural bodies are formed. 

We will finifh this detail, by explaining a kind of nomenclature 
adopted by certain methodical writers, in diftinguifhing bodies, 
according to the order of the principles that enter into their com- 
pofition. 

_If two elements or principles are united or combined together, 
there refults a body called a mixt. A number of mixts form a 
compound. ‘Two compounds united form a furcompound. The 
combination of furcompounds produces a decompound, and thefe 
laft, in like manner, generate furdecompounds. It is not eafy to give 
examples of thefe different kinds of compofition, as we can fcarce- 
ly proceed fo far as furcompounds. Thefe diftinétions appear, 


_ therefore, to be ideal, and of no ufe. M. Macquer, to whom 


chemiftry is indebted for much of its perfpicuity, propofes to 


_ change this barbarous and inaccurate nomenclature, and inftead 
did of it to fubftitute the words compound of the firft, fecond, third, 
_ &c. order. Or we may adopt the fame terms to diftinguifh che- 
_ mical principles in the order of analyfis by which they are obtain- 


_ ¢d, inftead of the order of their compofition. 


‘ 
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CHAPTER V. 


~ 


- CONCERNING FIRE. , 


"Tuovcn we neither admit of the word element in the fenfe 
ufually applied to it, nor entertain the opinion that the four bo-_ 
dies, fo called, are the immediate principles of all others, or the _ 
moft fimple in nature; yet we think it neceffary to attend to 


them in the firft place, becaufe the hiftory of their properties 
will be ufeful in the explanation of thofe of the other bodies, of 


which we fhall hereafter treat; and in the next, becaufe they — 


cannot be ranged in any order relative to natural hiftory, becaufe 
they are common to all the kingdoms of nature. 


Among the four bodies called elements, no one spp to be 


more active, nor at the fame time more fimple, than fire: The 


moft ancient philofophers, and after them philofophers in every 
_ age; have given this name to a fubftance which they fuppofed to 
be a fluid extremely moveable and penetrating, formed of par- 
ticles continually agitated, by them regarded as the principle of 
fluidity and of motion. When we refle& on this fubje&, we 
- fhall find that thefe properties could only be attributed by conjec- 
ture to a body placed among the elements, fince its exiftence has 
never been demonftrated ; as that of the three other elementary 
fubftances has always been. It is, indeed, natural to think that 
this name, fire, has in all languages and times, been given to 
the impreflion that heated bodies communicate, or make on the 
fenfes: And which is fynonymus to the term heat, as well as 
to the light that bodies emit when in combuttion. This is the 


idea which the greater part of mankind entertains; they recog= 
nize the prefence of fire only by that of heat and combuiftion. — 
The Chancellor Bacon is one of the firft who doubted the exifty — 
énce of fire as a peculiar fluid, and took notice that philofophers, ; 

in defining it, had always miftaken a property for a feparate fabs 
fiance. Boerhaave, whofe treatife on Fire will always be regard= ‘ 
ed as a mafter-piece, was fenfible of this difficulty, and in order 
to render the properties of this pretended clement more evident; — 


he examitied its effeCts on bodies wherein it is thought” to exift ; 


fo that he, like all the philofophers who preceded him, has writ- _ 
ten a hiftory of heated, luminous, rarified, burning bodies, rather 


than that of fire itfelf, ‘This sia is likely to be always 
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found in natural philofophy ; for the properties of fire are nea 
ceflarily conneéted with thofe of the bodies whereon it a€ts; fo 
far from having it in our power to infulate it; we cannot even 
form an idea of its feparate exiftence: And notwithftanding the 
advaticed ftate of chemiftry; it has not been found poflible to 
feize and confine this principle, which philofophers feem agreed 
to calla fluid; and whofe effects they explain with fufficient fa- 
cility, when, led by cuftom, they regard its exiltence as well 
eftablifhed. ‘TPhefe difficulties have caufed feveral chemifts, and 
in particular Macquer; to believe, that fire is nothing elfe but » 
light, and that heat is a modification of bodies arifing from the 
motion and collifion of their particles: ‘This opinion no longer 
exifts among philofophers who cultivate the fcience of chemiftry. 


_ To form an adequate notion of the different theories propofed for 


fome years paft, refpe€ting fire, we mutt not confine our attention 
to general pofitions. The ideas we fhould deliver, would be as 
vague as the fubject itfelf. 'The only method of attaining exadtnefs, 
and to throw light on the immenfe number of facts that compofe 
the fcience of chemiftry, is to divide the fubjeQ@, and examine its 
parts feparately. We fhall confider in fucceflion as fo many parti- 
cular effects of fire; light, heat, rarefa€tion, the changes produced 
in bodies by heat, and thofe which are attributed to combined fire, 
formerly called phlogifton *. 


§x. Concerning Light. 


We cannot entertain the fame doubt concerning the exiftence 
of light, as of fire, becaufe its exiftence and properties are at 
prefent well known and eftablifhed. This fubftance, which is 
thought to be emitted from the fun and fixed ftars, is the caufe 
in moft cafes of our perception of other bodies. This matter, 
reflected in right lines from the furface of bodies, is the caufe of 


_ the fenfation of fight, by producing an image of external objects 


on the retina of the eye. By the afliftance of a darkened chamber, 
means have been found to examine its peculiar properties fepa- 
rate and diftinét from thofe of the bodies from which it is emitted. 

The extreme velocity of light is fuch, that it pafles through: - 
the fpace of 80,000 leagues * in a fecond, according to the moft 
eminent aftronomers. Its motion is re€tilinear, it confifts of rays, 
which after iffuing from luminous bodies, feparate and continue 

: 
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to diverge in proportion as they obey the motion, which had been 
communicated to them. The elafticity of the rays, or the re- 
action of the power that refleéts them is fo perfect, that the | 
angle of their refleCtion does not fenfibly differ from that of their 
incidence, as is fhown by writers on catoptrics. When light — 
pafles near any fubftance whatever, it is more or lefs inflefted, 
and this infleCtion, proving that it is fubje& to gravitation as a 
body itfelf, is an evidence of its exiftence. © 

Notwithftanding, the velocity of light, it is eafily deflected out 
of its courfe, as well by the bodies it pafles through, as by thofe 
it paffes near. When its courfe is oblique from a rare medium 
into a denfer, it is refracted, or fuffers a change in its dire€tion 
like other folid bodies ; but Newton * difcovered that its refran-. 
gibility is in the inverfe ratio of that of all other bodies; for 
other bodies in pafling into denfer media, recede from the perpen- 
dicular ; but light, in thefe circumftances, approaches nearer to it. 
For a more minute detail of the properties of light, reference 
muft be made to books written exprefsly on the fubje& of optics. 

Light, when it arrives at the furface of the earth, announces to” 
ariimals the prefence of the bodies which furround them, and 
enables them to diftinguifh thefe bodies into opaque, tranfparent, 
and coloured. Thefe three properties are fo effentially conneéted 
with the prefence of light, that bodies lofe them in the dark, and 
become undiftinguifhable. ‘The difference in the opacity, tranf- 
parency, and colour of bodies, depends, therefore, on the manner 
in which they affect, or are affected by light. 

Tranfparency is the property of admitting the rays of light to 
pafs eafily through any fubftance, and doubtlefs arifes from the . 
form of the pores}. As this property is found in. the heavieft 
and hardeft bodies, it muft follow as a confequence, that the fe- 
nuity of light is extreme. When thus tranfmitted, the refrac- 
tions it undergoes are in proportion to the denfities, when the 
bodies are either ftones, falts, or glafles, but is greater when the 
bodies are of the clafs of combuftibles. Thus yellow amber has 
a greater refracting power, than a faline cryftal of equal denfity. 

It was by an examination of the refractions and reflections of 
light, that Newton fucceeded in decampofing, or rather diflecting 


* Newton did not difcover this. Des Cartes firft publifhed the difcovery of the 
conftant ratio of the feries of incidence and refraction; though it was certainly 
known before to Willebrord Snellius ; and Kepler was very near difcovering it.'T.. ~ 
The minutenefs of the particles, and fmallnefs of the pores. See Newt. Opt. T. 
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~ this body, and in proving that the different rays, which compofe 
ajbeam of light, are each capable of exciting the idea of a dif- 
ferede colour. Before his time, very little was known refpedting 
the caufe of colour. As each kind of ray is differently refrangi- 
ble as well as reflexible, it is found that a beam of light received 
- on a prifm of glafs is feparated into its various component rays 
by refraction as it pafles through, and being intercepted at fome 
diftance by a white plane, or body equally capable of. refleCting 
all, they form.a long fpe€trum, confifting of the colours in the 
following order, namely, red, orange, yellow, green, blue, in- 
digo, and violet ; the red being compofed of fuch rays that have 
been the leaft refraéted out of their courfe, and the others being 
more and more refrangible in their order, 
__ The particles at the furfaces of opaque bodies appear to pro- 
duce an effect on light refembling that of the prifm *. It is on 
this property of the particles, that all the variety of colours, 
which charm the fight, depends. ‘The fact is, that bodies are 
white, when they reflect or return back all the rays of light that 
fall on them; and, on the contrary, when all the rays are ab- 
forbed, we perceive a defect of light, which we call black, and 
is in reality the abfence of all colour: And again, every beam of 
white light being compofed of a feries of the feven primary co- 
lours, and of every poflible intermediate tinge, ali differing in re- 
flexibility, each particular body will appear of the colour it is 
conftructed to refleét, while it abforbs the greater part of the 
rays of every other colour. Colour, therefore, depends on the 
nature of the furface of the bodies, as tranfparency does on their 
pores, and both are produced by the modifications which the 
light experiences at the furface, or in the interior part of the 
bodies on which it falls. Thus, for example, the colour called 
blue, or red, is produced in bodies by an abforption of all the 
other rays, except the blue or red, which are refle&ted back. 
Thefe are the chief properties of light confidered as emitted 
fits the fun or the fixed ftars. But ought we to confine our 
inquiries refpeCting this fubftance to its free and infulated fate, 
Does it not, like every other body we are acquainted with, obey 
the laws of affinity in the fame manner as it is found to be fub- 


® The fepartion of light into coloured rays, in confequence of its falling on tranf- 
parent particles of definite magnitude (and all minute bodies are tran{parent), 
has not yet been fhown to be of the fame kind, or performed in the fame manner, 
as the feparation effected by the prifm. ‘T. 


; & 
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jeQ to attra€tion? ‘This conje€ture is rendered more ptobable, } 
by the confideration that the effets of light do not feem to be 
confined to its mere re-aétion on bodies that modify or alter its 
courfe. If it be true, that bodies expofed to the contaé or im- 
pulfe of light, experience an alteration or change of nature with- 
out any other evident caufe, it muft follow, that light itfelf is the 
agent, and produces its effects by a chemical attra€tion. Though 
it has not yet been pofitively decided, whether their changes 
arife from the decompofition of light itfelf, or of the bodies thus 
altered, or of both together, which is extremely probable 3) - ‘the 
fa&ts are too numerous and too ftriking to be overlooked. We 
fhall content ourfelves with mentioning in this place only fuch as 
are of the moft confequence, and the beft eftablifhed ;' as it is 
our intention to treat the’ fubje€t more fully 1 in our hiftory of each 
natural body i in its order. ieee 
Natural philofophers have long been aware of the influence of 
ight on vegetation. It was fart obferved, that plants growing 
in the fhade are pale, and without colour. The term etiolation,. 
has been given to this phenomenon, and the plants are faid to be 
etiolated, in whichit takes place >. Herbs that grow beneath ftones 
are white, foft, aqueous, and of a mild or infipid tafte; and gar- 
deners avail themfelves of the knowledge of this fa€t, to furnifh 
our tables with white and tender vegetables, by binding up and — 
comprefling their leaves together, fo as to defend them from the 
contaét of light. The more plants are expofed to the folar rays, 
the more colour they acquire. Such, therefore, “is the origin of 
thofe colouring matters, of fo much value for their livelinefs and _ 
| body, which many of the eaftern nations extrac from’ woods, 
bark, and roots, &c., and which the utmoft induftry of Hie Euiio~ 
pean dyers has not sseiatect in imitating. 
~ Colour is not the only property that is obtained by saeeestich 
from the contaé of the rays of light. Tafte, odour, and com+ 
buftibility, are likewife derived ieiae the fame fource. ‘Light 
contributes greatly to the maturity of fruits and feeds ; and i 1s ‘the 
caufe why, under the burning fun of America, vegetables are in. 
general more odoriferous, of a ftronger tafte, and more abound- . 
ing with refin. From the fame caufe it happens, that hot cli-- 
mates feem to be the native country of perfumes, ftrong fmelling 


- fruits, dying woods, and refins of various kinds. Laftly, the 


action of light is fo powerful on the organifm of vegetables, as ’ 


— eee 


yee S 


CONCERNING HEAT. 143 - 


to caufe them to pour forth torrents of vital, or pure air, from 
the fuperior furface of their leaves into the atmofphere, while 
expofed to the fun-fhine ; whereas, on the contrary, when in the 
fhade they exhale nothing but a noxious fluid, or true acid, fimi- 
~ Jar to that obtained from chalk. This important difcoyery due 
to Dr. Prieftley, and more minutely inquired into by M. Ingen- 
houfze, fhows, in a ftriking manner, the influence of light on 
vegetation. The effects of light are equally feen in a great 
Durr of chemical operations. There is not a fubftance, 
which in well clofed glafs veflels, and expofed to the fun’s light, 
does not experience fome alteration from this caufe. Among 
thefe, the mineral acids, the metallic oxyds or calces, vegetable 
powders, and volatile animal oils, are moft fingularly changed. 
Metallic oxyds in general, efpecially thofe of mercury, become 
of a deeper colour, by expofure to the fun; as may be feen by 
_obferving painters colours preferved in powder in the fhops *. 

The mineral acids, by the fame treatment, become higher co- 
- loured, more volatile and fuming. Metallic falts grow black, and 
animal oils take an obfcure brown. All thefe changes deferve 
the greateft attention of chemifts, and they form an immenfe 
feries of refearches which has not yet been fufficiently invefti- 
gated. Scheele is the firft chemift who has defcribed fome of 
them; M. Berthollet has likewife attended to this fubject, and 
- we fhall hereafter fee that he has determined what happens in 

many of thefe alterations. 


é 


§ 2. Concerning heat +. 


_ The difficulties that attend the inquiry. concerning heat are 
much more numerous than thofe relating to light. It cannot be 
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* It has been remarked, however, that the parts of a room painted with white 
lead and oil, which are defended from the light by furniture, or by keeping the 
windows clofed, become of a darker colour than the reft; and shat the action of 
light permitted to fall on fuch obfcure parts of the furface, in fome meafure re- 
ftores the original colour or whitenefs. T. 

-+ The importance of the theory of heat in chemical inquiries has induced the 
tranflator to give a more ftri&t and lefs difcurfive view of the ivgrem than is exhi- 
bited in the text. 

1, Temperature is the flate by which a body poffeffes the power of exciting the 
undefinable fenfations of heat or coldnefs. 

‘gx The word heatis ufed asa term to denote the caufe of that flate. 
-/It is to be obferved, that the words temperature and heat are here taken in the 
- moft extended fenfe. The organs of the human frame are not only imperfect 
when applied to meafure the temperatures of bodies, but likewife exceedingly li- 
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proved by weight that heat is a felf-exiftent, a feparate fubftances 
and many eminent philofophers have embraced the opinion of Ba- 
con, that itis nothing more than a modification, of which bodies’ 


:25 nee a ee ERS LNEETRTERRTEEIESEREENeEaree 
mited in this as well as in every other cafe. Temperature is therefore ufed to de~ 
note every degree of heat or coldnefs, whether within the limits of perception’ or 
not, and is appreciated by the obfervation of its effects on bodies. be de 

Heat, ‘confidered as the caufe of temperature and of other effects, is Bie to 
variation. It is therefore an object of mathematical inquiry, as poffefling quantity ei+ 
ther abfolutely, or in the fame fenfe as various attributes, fuch as ratios or motion, 
are faid to poffefs it. But it is no part of this inquiry, whether heat be motion or 
matter. Perfpicuity requires that thefe objects fhould be feparately attended to. . 

3. Bodies in contac, or communicating with eacle other, do, after alength of 
time, affume or acquire one common temperature. 

4. The time of acquiring the common temperature is different in different bo« 
dies. A body, which quickly alters its temperature by communication, is {aid to 
be a better conductor of heat than fuch as alter more flowly. 

of When the temperature of a given folid is increafed, there is a certain seek 
at which it becomes fluid; and as the temperature is increafed beyond this laft point, 
the fluid takes a rare and elaftic form, with more or lefs rapidity forming vapour: 
Whether an increafe of temperature would convert vapour into a fourth ftate, 
namely, that of a permanently elaftic fluid, or air, has not been decided ; but it 
is probable. 

The temperatures at which different bodies affume the fluid or vaporous fates 
are exceedingly various. Some bodies, as for example, mercury, are not frozen 
but by extreme cold: others, as rock cryftal, cannot be melted, but by the moft ' 
vehement heat modern chemiftry can excite : others again cannot be brought into 
fome of the ftates ; and of thefe the rule is inferred from analogy, till future ex- 
periments may tend to clear up the matter. 

6. Univerfally the effects of an increafed temperature are either ( 1) Kebriverith 
of the whole body into fluid or vapour; or (2) decompofition, by one or more of 
the chemical principles of the body being melted or volatilized; or ( 3) ‘without 
change of ftate or compofition, an increafe of the dimenfions, which lafts no 
longer than while the increafed temperature remains. 

4. Axiom I. The jae ei of heat in two equal bodies of the fame kind and 


temperature are equal. . 
8. Theorem 1. The diantnies of heat in Radics of .the pit kind and cempes 


rature are as their maffes. 

g. Theorem 2. ‘Two equal bodies of the fame kind, but different ececp eae be- 
ing brought into contact; the hotter will impart half its furplus of heat to the other. 

For (by 3) they will acquire a common temperature by contact, and by that 
means (7), the quantities of heat will be made equal. This can only be effected | 
by the hotter body imparting half its furplus. 

30. Theorem 3. ‘Two bodies of the fame kind, but different Sern pein 
being brought into contact; the furplus of heat, by means of which the one ex- 
ceeded the other in temperature, will be divided between the two bodies in pro- 
portion to their maffes. isiebsthe Bidar’ 

For (3) They will acquire a'common LN and the whole quantity of 
heat in each will then (8) be in proportion to its mafs. This can he be patted 
ed by dividing the furplus in the fame proportion. 

XI, Corollary r. The quantities of heat eeapeiged to be added to, or alee ieee 
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are fufceptible. It is certain that philofophers, as well as the 
~ common rank of men, have always {uppofed heat to indicate the 
y prefence of fire, and have fometimes taken it for the element it- 
‘ felf, and on other occafions for one of its characters. 


+f . - 
ne of the fame kind, to bring their temperature to a given ftandard, will be as 
* bet miffes,  ~ rt f 
fa 12, Corollary 2. Hence a thermometer, with a very fmall bulb, may be confi- 
_ dered as poffefling the temperature of the body it is in contaét with, becaufe the 
_ common temperature will not fenfibly differ therefrom when the body is of confi- 
é. _ Srable magnitude. 
_ 33. The mercurial thermometer negrly meafures the true increments of tempe- 
Brabure. > 4); 7 

‘ Pde is determined by experiment (by De Luc). Let a thermometer be gradu- 
d fo as to fhow the equal increments (6) of the expanfion of the mercury; and 
common temperature of two equal bodies of the fame kind in contact .(as 
Re aeiinale, meafures of water) will be nearly the arithmetic mean between the, 
two original temperatures, as fhown by fuch an inftrument. The inftrument 
‘ng herefore yives refults nearly agreeing with deductions (9) made from the gene- 
1 phenomena of heat, or it nearly meafures the true increments of temperature. 
. ‘34, Axiom 2. If two equal maffes at different temperatures be brought into 
contact, and the common temperature be either higher or lower than the arithme- 
n (9), the furplus of heat, by means whereof the one exceeded the other 
Dest herature, will be unequally divided ; and the difpofition to be heated, or the 
city or affinity for heat, is greater in one body than in the other. 

Ban “gate 4. The capacity of equal maffes for heat are inverfely, as the 
; 8 of temperature they undergo, when differently heated and brought into 
st. And the contrary. 
or the furplus of heat is divided into equal parts by the thermometer: of 
fe parts, the hotter kody lofesa certain number by communication to the colder, 
bd teain che remainder. The number of degrees loft, conftitutes the change 
‘mperature in the hotter, and the remainder is the change in the colder. But 
8 are ever proportional to their effects: therefore the capacities are as the pro- 
s of heat retained by each y that is, inverfely as the changes of temperature. 
orally 1. Hence if any given body, as for example, fluid water, be af- 
dasa ftandard, the capacities of other bodies being experimentally found, 
fe ranged numerically, fo as to form an ufeful table. 
7- Corollary 2. "The quantities of heat required to be added to or taken from 
es of equal mafs, to bring their temperature to a given ftandard, will be as 

. > - ‘ 


‘ 


18. Corollary 3. The quantities of heat required to be added to or taken from 
sodies in general, to bring their temperature to a given ftandard, will be as their 
a ffes (11), and their capacities jointly. 

119. Corollary 4, ‘The capacities, in general, will be direétly as the quantities 
. ah eat fo taken, and inverfely as the mafles ; or they will be in the inverfe ratio of . 
he changes of temperature, and the maffes of two bodies placed in contact. This, 
in the form of a pradtical rule, is, multiply the weight of each body by the num- 
er of degrees between its original and the common temperature, and the capaci- 

3 of the bodies for heat will be inverfely as the products. » 
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Its leading properties are, to penetrate all bodies; to diffufe it- 
felf uniformly, fo as to tend to an equilibrium; to dilate the fe- 
veral fubftances it penetrates ; and, laftly, to caufe them to aflume 
the ftate of fluidity,’ and afterwards that of vapour. 


29. Theorem 5. The whole quantities of heat contained in the bodies of equal 
mafs and temperature are as their capacities. 

For if the the temperatures of various bodies be fuppofed gradually and equally 
to diminifh till the abfolute privation of heat be obtained, the quantity of heat 
given out in any portion of the time (17) will be proportional in each body to its 
capacity.. And the whole time being made up of fuch portions, the refpective 
fums of the quantities of heat given out by each body will be in the fame ratio. 

It is the bufinefs of experiment to determine whether the ratios of the capaci- 
ties be the fame in all temperatures, cateris manentibus. 

af. Scholium. From the foregoing theorem, many writers have called a table 
of capacities by the name of a table of fpecific heats. Thefe terms, which feem | 
improper, or at leaft unhappy, becaufe applied to quantitiés that continually fluc. 
tuate, have certainly rendered the theory of heat lefs eafy to beginners. 

22. As far as experiments have hitherto been made, it is found that the capaci ‘ 
ty of a given body for heat is leaft when folid, greater in the fluid ftate, and great- 

eft in the vaporous flate. 

Thus for example, ice and water being expofed in equal: quantities to fimi- 
lar heating matters,'as before a fire, the ice will be melted without increafe of 
temperature, while the water acquires 162° of Fahrenheit’s thermometer. Or — 
equal parts‘of water at 162, and ice at 32° being mixed, the ice will melt, and 
the whole, inftead of the mean temperature, will remain at 32°. In either cafe 
the ice requires 130° of heat, which produces no other effect than rendering it 
fluid, and is not fhown by the thermometer. So likewife the condenfation of fteam, ; 
though little if at all hoter than boiling water, communicates much more heat to 
a refrigeratory, thah the fame quantity of water equally hot, and therefore it con- 
tained more heat. The quantity of heat which conftitutes the difference between 
the feveral ftates of the body, has been improperly called latent heat. "S 

23. Problem. ‘The ratio of the capacities of the fame body in the folid, and 
the fluid ftates, and alfo the number of degrees the fluid would increafe in tempe- 
fature by the heat which would fimply melt the folid, being given; it is required _ 
to determine the number ‘of degrees of the fame thérthiieeear) between the natural a 
zero, or abfolute privation of heat, and the temperature of the folid joft melting. ; 

The whole quantity of heat in the folid, when juft melting, will be denoted by, 
the number of degrees of its temperature from the natural zero: and the whole — 
quantity of heat in the fluid will be denoted by the fame number added to the num= — 
ber of degrees the temperature of the folid would have been taifed by the heat ap~ 
plied to melt it, if its capacity had not been changed by melting. This laft nuri- " 
ber confifts of the obferved increafe of temperature in the fuid augmented in the — 
inverfe ratio of the capacities (15). Now the capacities of the folid and fluid . 
being as their whole quantities of heat (20), it will follow that | 

The difference between the numbers exprefling the et ove é 
Is to the number exprefling the capacity of the folid; ad ae 
As the difference between their refpective quantities of heat in thermometzi« mM 

cal degrees of the folid, | i 
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‘Bodies become heated, in general, in three manners, either by 
the contac of another heated fubftance, or by motion, or by the 
act of combination. Every one muft have obferved, that in mix- 
ing two fimilar fluids, the one fenfibly hot, and the other cold, 
the former lofes part of its heat by communication to the fecond, 
_and the temperature becomes equal in each ; and the fame is true 
EN ESS EEL a RULE ee eevee ag cae 


~ Is to the number of degrees exprefling its whole quantity of heat, or its 
temperature from the natural zero. 
__ This in the form of a pradtical rule, is, multiply the number expreffing the ca- 
_ pacity of the fluid into the number of degrees the fluid would have increafed in 
_ temperature by heat, fufficient to melt the folid; divide this product by the dif- 
_ ference between the numbers expreffing the capacities, the quotient will be the 
J number of degrees of temperature from the natural zero. 
This problem is Dr. Irwine’s, of Glafgow. 
From experiment, it appears, that the natural zero is 1268° of Fahrenhcit’s 

. feale below o, or 1300 degrees below the freezing point of water. 
_ a4. Corollary. The difference between the zero of any f{cale, and the natural 
_ zero, being once determined from experiment, it will be eafy in all cafes, where 
any two of the three quantities, the capacity of the fluid, the capaciry of the fo- 
lid, and the number of degrees the fluid would be raifed by heat {ufficient to melt 
the folid, are given to find the third. 
; a5. The foregoing theory of heat may be applied to explainall the changes of 
_ temperature in bodies, from the utmoft violence of ignition to the moft intenfe 
_ cold. For whenever by condenfation or freezing, or by a change in the chemical 
_ combinations of bodies, the capacities are diminifhed, a part of the heat contained 
will (1 5) be applied in raifing the temperature. And, on the contrary, cold will 
be produced‘whenever bodies are melted, or evaporated, or any chemical procefs 
: goes forward, by, which the capacities are increafed. 
26, The grand queftion, whether heat be merely a vibration of the parts of bo- 
a dics, ora peculiar fluid, is not decided, If heat be merely vibration, it will be fcarcely 
 poffible to account for its not being univerfally communicated to bodies according 
‘0 their maffes, as the eflablifhed laws of motion require ; but if heat be a pe- 
 euliar fluid, the notion of a greater or lefs capacity for that fluid, whofe variations 
ty) OF denfity will be the caufe of change of temperature, will very naturally account 
} ; for the different quantities required to be imbibed or given out by bodies of equal 
oe ‘weight, before a like denfity or temperature can be produced i inall. Neither will 
it be at all difficult, according to this hypothefis, to give very probable accounts 
of what happens when bodies change their flates of folidity, fluidity, or vapour. 
hy SIs The varions theories refpecting heat, confidered as matter, and a component 

part of bodies, are not fufficiently grounded on decifive facts, to admit of a cur- 
 fory difcuffion'in this place, or indeed to be ranked with the eftablifhed doctrines 
- collected and arranged i in this prefent note, though it muft be allowed that feveral 
of them do honour to the genius and abilities of their inventors, Dr. Black of 
_ Edinburgh, Profeffor Wilcke of Stockholm, Dr. Irwine of Glafgow, Dr. Craw- 
oy ford of London, ‘are among the leading names of philofophers who invented and 

 Muftrated this excellent theory here explained; and it is fincerely to be withed, 

ey , that fume cotemporary writer would fertle their, refpective claims before the 

-lapte of time fhall have rendered it difficult. T. 
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of folid bodies that have remained a fufficient time in contaét. 
The developement of heat, by means of motion, is equally well 
known. ‘Two hard ftones, or pieces of wood or ivory, or me- 
tallic matters, ftrongly rubbed or ftruck together, produce a de- 
gree of heat, that in many cafes proceeds even to ignition’. And 
the production of heat by the at of combination is evidently 
feen in the union of concentrated acids with water, quick-lime, 
pure alkalis, metals: And inflammation follows on the mixture of | 
certain fluids, as the nitrous acid and oils. . te 

The laws of the communication of heat between bodies were 
thought to’ be analogous to thofe of motion, till the labours of 
Mefirs. Black of Edinburgh, Wilcke of Stockholm, Irwine of Glaf- 
gow, Crawford of London, and Lavoifier of Paris, fhowed that no-. 
thing is lefs known, or more difficult to be known, than the pro- 
greffion and communication of heat in the fyftems of bodies of un- 

equal temperature. The very ingenious experiments of thefé 

philofophers are not yet fufficiently numerous, and they them- 
felves depend too little on their general refults, to admit of their 
being regarded as part of the elena of chemical {cience.’ It 
is, however, very probable that they will lead the way to the 
eftablifhment of a general theory of heat, applicable to all the 
phenomena of chemiftry, in every one of which it is 8 concerned, 
either as being abforbed or difengaged f. | 

The moft accurate experiments have not yet wheat iy de- 
cifive principles refpecting the nature of heat ; and chemifts, as _ 
well as the philofophers in other branches of natural {cience, are 
divided in their opinions concerning it. Some, with Lord Chan- 
cellor. Bacon, think that*heat is nothing elfe but a modification 
of which all bodies are fufceptible, not. exifting independent’ On 4 
bodies, but confifting merely in the ofcillation of | their particles. 
Such was the opinion of the late Mr. Macquer.. This fet of phi- — 
lofophers ground their opinion on the following faéts: Heat fol- 
lows motion in all its phenomena, and appears to obey the fame — 
laws; it. conftantly accompanies motion, increafi ing and diminifh- / 
ing in the fame proportion. If we except the differences i it. pre- of 
fents in its communication or paflage from one body to another, y 
which do not appear reconcileable with that of motion, the*ana= 9 
logy between both is ftriking in all its other properties. When — 
the caufe which produces it abates or ceafes entirely, the. heat igh 
diminithed, and foon diffipated. "That this hypothefis may be ie | 
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more readily admitted, it is obferved, that bodies even of the 
-greateft denfity, have a great number of cavities or pores, whofe 
dimenfions may exceed that of the real matter of which the body 
in queftion is compofed. ‘Thefe void {paces permit the particles 
to move with refpeét to each other, and to ofcillate in every di- 
rection. Thefe ofcillations efcape our fenfes, for the fame reafon 
as the parts and powers themfelves do, namely, their minutenefs. 
And, laftly, thefe philofophers who confider heat as an inteftine 
motion, take notice that the contrary opinion of heat, being 
‘matter, has never been proved by any pofitive experiment, either 
_ from its being fhown to have gravity, or from the other proper- 
ties afcribed to it. 
Many other philofophers, and fome modern chemifts, on the 
contrary, believe that heat is a peculiar fluid, exifting in bodies, 
all which it penetrates with greater or lefs facility. They di- 
 ftinguifh this fluid in two ftates, in combination, or at liberty : 
‘ The former is not fenfible to our organs, nor indicated by the 
_ thermometer. It is in a ftate of repofe in bodies, conftituting 
-one of their principles. It exifts in them in a ftate of greater or 
_ «lefs compreffion. It is often difengaged in decompofitions, and 
- *then pafles to the ftate of heat at liberty ; it becomes capable of 
-aGting on the bodies expofed to its influence ; and its intenfity and 
variations may be ajcertained by the thermometer *. As all 
_ bodies that pafs from the folid to the fluid ftate, and from this 
laft into the ftate of vapour, produce cold in the furrounding bo- 


is aie There are two opinions concerning the change of temperature which bodies 
iM Mindergs when they change their flate or their mode of combination: By fuch 
‘ie changes i it is found that heat is either abforbed er given out; or to fpeak more 
j gpaexceptionably, the alterations of temperature are either lefs or greater than | 
At Ww have been inferred from general reafoning. Some philofophers fay, that the’ 

Spas of the bodies are changed, and therefore require more or lefs heat to occa~ 

fimilar mutations of temperature than they did before (fee our note on p. 146) 

others affirm, that the heat which difappears or appears has no relation to’ the ca- 
7 pais but is either received in combination, as a principle of bodies, or given 
y ,out as. fuch, © Thefe pofitions are not matter of opinion, but relate to fads, about 
Ve “which philofophers will acquire more knowledge by experiment than by reafoning. 
4 Wf the natural zero be determined truly by Dr. Irwine’s theorem, (note on p.146 ) 
4) sand the capacities of various bodies in their ftates of folidity and fluidity, be found 
‘ from dire& experiment, the corollary to that theorem will give the number of de- 
| grees the fluid would be raifed by heat that would fimply melt the folid. If this 
- dedudtion thould be found i in all cafes to agree with the faéts, the former opinion 
ts true; but if not, there is a portion of heat not accounted for, which, if heat be 
na “matter, may probably be a principle ef bodies, Fiant Experimenta. ‘Ty. 
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dies, they fated that there is a great quantity of the matter of 
heat abforbed by thefe bodies ; and that when, on the contrary, — 
fluid fubftances become concrete, and produce heat; this laft is 
difengaged from the fubftance that contained it, and has onlin 
from a ftate of combination to a ftate of liberty. : F 

Mr. Scheele, who, as well as Mr. Bergman, is neifnaded te 
heat is a felf-exiftent body, has, with great care, examined the — 
phenomena it prefents as a chemical agent, capable of entering 
into combinations. He has even thought himfelf juftifable im 
concluding, from his experiments, that it is compofed of yital 
air, which he calls empyreal air, and fixed fire or phlogifton ; and 
that it differs from light only in the relative quantity of this 
latter principle. But however ingenious and true the refults of 
the experimental 1 inquiry he has entered into may be, his induc- 
tions concerning the nature and principles of heat, do not feemy — 
in our opinion, to follow naturally, nor prevent our continuing 
to think that the analyfis of heat is not yet accomplifhed. Some 
philofophers think that light and heat are the fame: fubftance, 
and differ only in their ftate. This body is light, when its par- 
ticles, colle€ted together, and poffefling all their. attration, are 
projected with great force ; it is heat when the fame particles, in | 
a ftate of divifion, move flowly, and tend to an equilibrium. 
They think that heat can become light, and light heat :—it can- — 
not, however, be denied that light often produces effects very — 
different from heat ; as takes place in the nitric acid, the oxyge- 
nated miuriatic acid, the metallic calces or oxydes,-and the leaves 
of vegetables plunged in water: All thefe bodies give out vital 
air, or oxygenous gas, when they are expofed to the rays of the 
fun, and moft of them do not afford it by the a€tion of heat 
alone. It is in this manner that the artificial light of our fires, 
pafling through the veflels, changes the nature of Li REOR UGH 
which are difengaged. 

Laftly, Mefirs. Lavoifier and De la Place feem to fulpees shat | 
both hypothefes are true, and take place at the fame time, that is "4 
to fay, that heat confifts in the exiftence of a peculiar fluid, and 
in the inteftine ofcillations of the parts of bodies excited by its 
prefence. | 

‘Whatever may be the nature of heat, the ‘ill ded it -itetett 
in chemical combinations and decompofitions, are not the lefs 4 
certain, nor the lefs deferving our moft careful attention. .A 
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great number of faéts have eftablithed it ds a certainty, that this 
body or modification is unalterable in itfelf, and is not deftroyed 
~ or loft. And thefe have induced Meffis, “Lavoifier and De la 
Place to give the following important principle as an axiom re- 
ipecting, the appearance or difappearance of heat. As this prin- 
ciple is of the greateft i ie to the theory of chemiftry, 
_ we fhall infert it here. 

_ © Tf in any combination or tino of ftate whatfoever, there 
“ be a diminution of free heat, this heat will appear again undi- 
_ © minifhed when the fubftances return to their firft ftate; and 
“‘ reciprocally, if in any combination or change of ftate there be 
““ an augmentation of free heat, this new heat will difappear 

“ during the return of the fubftances to their original ftate.” 
i _ In rendering this principle more general, and extending it to 
_ all the phenomena of heat, they have ufed the following mode of 
_expreffion: ** All variations of heat, whether real or apparent, 
_ which are experienced by a fyftem of bodies, in changing their 


4 © ftate, will be re-produced in an inverfe order, when the fyftem 


i a eee again to its firft ftate.” 


i 
Uy 


To meafure the quantity of heat abforbed or didenpaiied i in the 
Pierce chemical phenomena, being an operation which, after 
_ what has been faid, muft evidently appear to be of the higheft 
importance, philofophers have endeavoured to avail themfelves 
_ of means, by which the defeéts of thermometers might be fup- 
plied. Their fceales not being fufficiently extenfive, nor the in- 
_ formation they afford, fo accurate as was at firft believed, Mr, 

_ Wilcke propofed to eftimate the quantity of heat from the 
ai Pa, of fnow to be melted by the bodies under examination 5 
and Mefirs. Lavoifier and De la Place have contrived a certain 
- ‘and eafy method of carrying this propofal into praétice *. It con- 
4 fifts in placing bedies which produce heat by their combination 

_ (after reducing them, as well as the veffel containing them, to the 
a _ temparature of 32° of Fahrenheit), in a veflel furrounded with © 


ie ice, the interior layer only of which can be melted by the heat 
ie 
_ * From fome attempts made by the ingenious Mr, Wedgwood, to avail hime 
 felf of this inftrument, it feems that the’ capillary attradtion of the pounded 
mi ‘ice, retaining a portion of the water that fhould flow out, and fome unexplained 
_ tircumftances, where the vapour raifed by bodies, at very high temperatures, was 

found to freeze again, inftead of pafling out in the form of water, are impediments 

to its ufe, See the Philof. Tranfactions, T. 
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difengafed from thefe bodies during their union, and in meafare- r 
ing the quantity of heat by that of the water which is formed, and 
which is to be collected with care. By this procefs, they have 
been able to eftimate with certainty the fpecific heat of bodies, to 
meafure the quantity abforbed: in certain combinations, and in 


fhort to determine the quantity difengaged in combulticn and re+_ 
fpiration. 


_ The brevity we propofe to adhere to in this work, and the long 
sdeals it would requir€ to give a proper account of the ingenious in= 
{trument contrived by thefe learned academicians, and the manner 
in which they employ it to meafure the {pecific heat of bodies, as - 
alfo that which is abforbed or difengaged in chemical. combina- 
tions, oblige us to refer the reader'to their own work*. 9 

Let us here attend to the refemblance which appears to ‘exift, 
in certain cafes, between light and heat, and the differences which 
diftinguifh them in the 'proceffes of nature and art.. It is not 
to be concluded, that heat and light are the fame diag: becaufe 
the rays of the fun heat fuch bodies as they fall on; for, \fince | 
there are many cafes on the contrary, wherein shi is much 
light without heat, as well as others where the heat is confider- 
able, though no light appears. ‘Many philofophers are inclined 
to believe, that light differs greatly from heat. | In fac, the phof- 
phorus, diamond, rotten wood, animal matters im putrefaction, 
{hining infeéts and worms, the rays of the moon refleéted and 
concentrated by metallic mirrors, or by lenfes, prefent a ftrong + 
light without fenfible heat, and all natural bodies may be. Aaaase 
ly heated without becoming luminous. | 

The folar rays feem to produce heat aa Ne ae heir en 
on bodies, and the fri€tion they fuffer from fuch as interrupt — 
their paflage. Opake bodies, of a red colour, and particularly 
when of a black colour, are found to be more quickly and ftrong- 
ly heated, than white and polifhed bodies; an effect doubtlefs — } 
arifing from the greater refractions which the rays experience, and ° 
perhaps from its combining with the fubftance itfelf of thefe 


* See the Memoirs of the Royal Academy of Sciences for them, Memoir, x read — 
June 28, 1783. 
+ All thefe, and other lights that do not produce heat, are prodigioufly ae 
» when compared with the direct light of the fun. The moft concentrated moon- - 
light, in the focus of a mirror, is not more than the 3ooth part of the intenfity 
of common fun-fhine. Heat cannot, therefore, be expected. See Traite Ad 
tique par Bouguer, quoted by Prieftley in his Optics, p.546. T, 
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deeply coloured bodies, while white furfaces reflect, rather than 
saris them 8. 
_ As to the production of light by a eit ge and continued heat, 
as is obferved in the combuftion of oils, fats, wood, the ignition 
of metals and {tones, it depends on caufes that by no means im- 
ply an identity between light and heat. When combuftible bo- 
dies are ftrongly heated, they produce that flame which fupplies 
the abfence of the fun, and produces fimilar effeéts. But this 
light, the produ& of inflammation, may be contained either in 
the air, whofe prefence is neceflary for combuttion, or in the 
nm combuftible body ; and no fact afcertains that it is heat which 
is changed into light ®. The incandefcence of incombuttible bo- 
dies, fuch as ftones, in which we cannot admit the prefence of 
combined light, at leaft not in the fame ftate as in combutftible 
bodies, has been explained in a very ingenious manner by Mac- 
quer, in the article Fire, in his valuable DiGtionary. According 
to that chemift, it arifes from the ftrong vibrations excited in the 
particles of thefe bodies by heat. ‘Thefe vibrations difpofe the 
particles in fuch a manner that their facets being continually agi- 
tated, have the effect of a number of {mall mirrors, which refle@, 
___ and throw dire€tly to our eyes the light which exifts in the air * 
in the night as well as in the day, and do not produce darknefs, 
but when their direétions are not towards the organs of fight. 
_ Such were the ideas of Macquer, and a confiderable number of 
other philofophers ; but more numerous and better obferved facts, 
_ @oncerning the difference of heat contained in various -bodies, 
their aptitude to abforb it, the elective attraction it appears to 
; obey, render the opinion of the exiftence of heat as a peculiar 
body, much ftronger than ever. It is thought to be often one of 
_ the principles of compound fubftances 5 that it is the lightelt of 
all natural bodies, and cannot, on that account, be fhown to ex- 
ift by any indication of weight. Two fpecies of heat are di- 
-ftinguifhed, or rather heat itfelf is diftinguifhed in two different 
ftates, in all natural fubftances; one which is intimately com- 
bined, and is called latent heat, or caloric, becaufe it is not 
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*-The author has given Macquer’s opinion, with fidelity and concifenefs; but 
the value of that opinion will be found to be very fmall, when it is confidered, © 
that it is a neceflary condition that his fyftem of little mirrors muft be placed with- 
if out the boundary of the earth’s fhadow, before, they can receive or reflect the light 
s which exifts in the air, &c. TT. 
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fenfible, and the other sahiched is fimply difleminated. This laf Hy 
appears to be capable of expulfion by fimple preflure, or by me- — 
chanical means; thus it is, that when a bar of iron is hammer- ~ 
ed, and its particles are brought together by the fhock, the heat 
efcapes in the fame manner as water flows out of a moiftened 
fponge by preflure. Heat, truly combined, does not quit bodies 
but in confequence of new chemical combinations. All folid 
fubftances which contain thefe two kinds of heat, are capable of 
taking up a greater quantity, both of the one and of the other 3 
this fuperadded heat feparates the particles more and more: Its 
firft effect is to foften the folid body 5 its fecond, in proportion 
as it is accumulated, confifts in fufion, or liquefa€tion ; its third, 
the quantity being fuppofed {till to be continually increafed, ig 
elaftic fluidity. But we will treat of thefe phenomena in the two _ 
sit a bel 


-§.3 Concerning Rarefaéiion. 


The moft remarkable effect attributed to fire by shits 
and which is certainly produced by heat, is rarefaGtion. We 
have .already remarked, that the principal effet of heat is to 
augment the volume of all bodies, without adding to their weight. 
This rarefaction fhows the intromifficn of fome fubftance into 
the pores of the rarefied body; this fubftance, which is heat it- 
felf, or rather caloric, ats like wedges or f{prings, that feparate 
and»remove the particles of thefe bodies from-each other; the 
bodies themfelves, when rarefied by heat, do not acquire weight, 
and their f{pecific gravity is lefs confiderable than before, becaufe 
the rarefaCtion confifts fimply in a feparation of the parts of the 
_ heated body, whofe pores are then enlarged, fo that it contains 
more void fpace and lefs folid matter than before, in a given 
{pace : This feparation is occafioned by the matter of heat, web ets 
weight, with refpect to us, is nothing. t) 

We fhall be convinced that heat is a force dppofed to the mu- 
tual attra€tion of the particles of bodies, and that it deftroys 
their particular: attraQion, if we confider that the particles of 
bodies rarefied by heat, experience an inteftine motion which — 
tends to difunite and to feparate them ; and that cold, on the con- 
trary, compreffes and condenfes them ; for it muft be remarked, 
that the attration difcovered by Newton, has three modifications, 

-or modes of exiftence, which require to be accurately diftinguifh— 
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ed from each other. | The firft ftate of attraction is that which, 
combined with an original impulfe, retains the planets in their 
orbits, and prevents them feparating from the fun, with regard 
to.which their diftance would continually increafe, did the pro- 
, jetile force a&t alone. To diftinguth it from the others, we 
- may call this planetary attraGiion, The fecond modification of 
attraction, is that which caufes bodies projected into the atmof- 
phere, to tend towards the centre of the earth. This is terref- 
trial grayitation, And the third modification of this general 
_ force, is that by which the different parts of any particular body 
ie as a flone, or any compact fubftance, tend towards their centre. 
It is the attraQion which produces aggregation, and which heat 
tends to deftroy; and by diminifhing this, it produces a great 
_ number of effects, combinations, decompofitions, vegetation, ani- 
“ malization, &e. 
_ Boerhaave, who has confidered the effeQts of fire rather as a 
_ philofopher than as a chemift, has laid down three rules, or laws, 
_ goncerning rarefaction confidered in general, which we will now 
proceed to examine. } 
LAW I. 
All Badies are dilated by Heat *, 


pe Thong it be true in, general, that almoft every body in na- 
ture is dilated and rarefied by heat, it is neceflary to make fome 
-_xemarks on this phenomenon. In the firft place, all mineral fub- 
_ ftances without exception, experience a dilatation, which is great- 
__ er, the more intenfe the heat', ‘This rarefadtion is fuch as to de- 
‘ftroy the aggregation of a great number of them. But if this 
Jaw be applied to animal and vegetable matter, it appears to be 
 fubjeét to fome exceptions. In fa¢t, a gentle heat really dilates 
Le their fibres, feparates them, and diminifhes the denfity of their 
ty; texture ; but by a fudden and ftrong heat, parchment, mem- 
Bie branes, and tendons, fhrink and contract; a property which 
~  eems'to depend on the irritability, or rather the contra€tability of 
animal fibres, to which heat feems to be a ftimulus, as long as 
their organization is not deftroyed. 


¥ Te ted This law is univerfal in bodies, fo long as they retain the flate of folidity, flui- 
ae dity, or vapour they happen to poffefs; and have fuffered no change either in the 
| ¢ombination or quantity of their chemical principles. If the rule be taken in this 
_fenfe, the exceptions of our author will not ftand. T,, 
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LAW II. 
Bodies soy by Heat, have all their Dimenfions cilaaadia 


A bar of iron increafes both in length and thicknefs when 
heated. Philofophers have contrived many inftruments to exhibit 
and meafure this effect of ‘rarefaction. 'The pyrometer invented 
by Mufchenbrock, fhows the dilatation of heated metallic bars to 
the 12,500 of an inch. This fenfibility is obtained ‘by the mo- 
tion’ of expanfion being communicated through feveral levers, 
whofe arms are of unequal length; fo that the extremity of the 
Jaft is moved through a fpace fufficiently large to give motion toa. 
wheel, which carries‘an index or hand round a graduated circu-_ 
Jar plate, and fhows the minuteft changes of length in the bar 
under examination. | But as this inftrument is ufed only to fhow 
the expanfion of metallic bars lengthwife, philofophers have made 
an experiment with a cylinder of metal fitted to an orifice in a 
metallic plate, fo as juft to pafs through it when cold, and they 
find, that the fame cylinder, when heated, could not pafs. It is 
therefore eftablifhed, that bodies expand by heat in diameter, as 
well as in length *. 

This phenomenon is well known to chemitts, ak; find it ne- — 
ceflary to leave fufhcient room in the iron grates they place in © 
their furnace, and not to prefs too clofely fuch veflels as are lut- 
ed together ; for, without that precaution, it would not be pof- 
fible to avoid the fractures and inconveniencies which = — 
fion would produce. : ann fet 


LAW III. bins 


The Dilatation by Heat is direé#ly as the Rarity, or Bair as the | 
Denfity of Bodies. . 


os ‘in the eftablifhment of this law, compared suena: 
fe&t of heat on no more than three folid bodies, and thefe very 
different from each other, namely, wood, ftone, and metal. » He 
obferved, that wood dilated moft, next ftone, and then the metal, | 
and that the rarefaction of the particles of thefe bodies followed 
the inverfe ratio of their denfity. From thence he concluded, — 
that the rarer the texture of any body, the more it will be dilated ;.. 
and the denfer, the lefs will be the degree of its dilatation. But 
M. Buffon, in repeating the experiment of the rarefaction of a great 
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variety of folid bodies by heat, found, that heat dilates them in 


proportion to their fufceptibility of alteration by fire. That is 
to fay, ftones, in proportion to their calcinability, and metals, 
in proportion to their fufibility. Boerhaave extended this law to 
fluids, on no better ground than trials made with air, fpirit of 


wine, and water. If he had brought mercury into the compa- 
_ rifon, he would not have generalized his law; for, though much 


more denfe than either the fpirit or the water, its dilatation is 
greater. ‘This experiment proves, that neither the quicknefs of 


becoming heated, nor the degree of expanfion, is governed by 
the inflammability, or by the fufibility of the matter under con- 


fideration. Mefirs. Bucquet and Lavoifier, who have made a 


5) long courfe of experiments on the dilatation of fluids by heat, and 


— 
> 


its progrefs, have not been able to difcover the caufe of the fin- 


gular diverfity they have obferved, and have contented them- 


vi. 


felves with defcribing the faéts without drawing any inferenccs. 
- In addition to the laws of the rarefaction which heat produces, 
and which are far from being yet well underftood, it is effential 


_ to know, 1. That all bodies, in pafling from the folid to the fluid 


ftate, or from fluidity to vapour, produce cold, as falts by folu- 
tion in water, ether by evaporation!, &c. 2. That fluids, capa- 


_ ble of becoming concrete, produce heat in pafling to the folid 


ftate. Thus water, which freezes by being placed in a freezing 
mixture, never becomes fo cold as fpirit of wine plunged in the 

mixture. It may be conceived, from what is here expofed, 
that this general effect depends on the circumftance, that a folid 
body which becomes liquid, abforbs more heat than it before pof- 
fefled; whereas, in the contrary circumftance, it gives out the 


2 peereye of heat which kept it in a ftate of fufion. 


§ 4. Concerning the Phlogifton of Stahl. 


4 » Beccher, ftruck with the wonderful property certain bodies 
_ poflefs of producing fire, that is to fay, heat and light, by repeat- 


ed motion, or by the contact of other bodies in a ftate of igni- 
_ tion, concluded, that it depended on a particular principle, which 
he calledinflammable earth. Stahl, whofe attention was {trongly 
_ fixed on this do@trine, imagined that this principle was pure fire, 
or the matter of fire fixed in combutftible bodies, and gave the 
name of phlogifton, or the inflammable principle, to this element 
‘thus combined ; in order to diftinguifh it from fire in action, or 
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in a ftate of liberty. Its properties, when in combination, are, 
therefore, very different from thofe: it poflefies when at liberty; _ 
fo that it can no longer be known by its two diftinguifhing cri- — 
terions, heat and light. But it refumes them when feparated — 
from the bodies which confined it, and appears again with all 
the brilliancy and heat which accompany it when fet free. Such 
was the fimple and fublime idea of Stahl on the nature of com= | 
buftible bodies. It is, in faét, natural to think that fuch matters, 
as by becoming orice ftrongly heated, take fire, and continue to — 
burn till entirely confumed, owe this property to fire concealed 
within them; and that combutftion is nothing more than a pros 
cefs by which this fire is developed. All inflammable bodies, 
therefore, according to Stahl, contain fixed or combined firey 
which is the principle of their inflammability. Hence he regard- 
ed the inflammable principle as identical in all bodies that con- 
tain it, whatever be their nature, or however they refpectively 
differ from each other. Nothing more was required than the 
property of combuftibility, to prove the prefence of phlogifton © 
in large quantity... 'T hits, fulphur, coal, metals, oils, phofphorus, — 
&c. owe their inflammability to fixed fire, and the differences of © 
ftru€ture, form, colour, confiftence, weight, &c. depend on the 
various principles with which the phlogifton is united; this lat 
being univerfally the fame, except when, by whee of oe ‘it 
becomes free or uncombined. 

To arrive at a knowledge of the properties of fixed fines or shio 
gifton, Stahl made a coniparifon between fuch bodies as contain. 
it, and others into which it does not appear to enter. He ob- 
jerved, that the firft in general pofleffes colour, fmell, fufibility, 
volatility, and combuftibility ; while the latter aré ufually colour- 
iefs, without fmell, more or lefs fixed, infufible, and more efpe- 
cially incombuftible. He has alfo taken notice, that bodies, ma- 
nifeftly abounding with phlogifton, lofe the greater part of the 
properties common to them as fuch, on being deprived of that 
principle, and have them reftored ~— being again furnifhed — 
with phlogifton. chy sh ie a 

It was more efpecially from the confideration of experiments 
made with fulphur and metallic fubftances, that he eftablifhed — 
his do€trine with fuccefs. Metals, according to him, are com- 
pounds of peculiar earths united to phlogifton. When they are — 
calcined, their phlogifton becomes esis in the form of 
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- fire at liberty; in confequence of which they are no longer fu- 
fible, duGiile, or inflammable. Thefe properties are reftored 
when the earths are again united to phlogifton, by heating them 
with oils, coal, or any other matter abounding with that principle. 
Sulphur is compofed of the vitriolic acid united to phlogifton. 
Its combuftion difengages and diflipates the latter; the acid only 
remains. If this acid be treated with coals, oils, or metals, it 
deprives them of their phlogifton, and again forms fulphur, which 
is a coloured, odorant, fufible, volatile, and inflammable fubftance. 

The difficulties attending the dodtrine of phlogifton may be 
- eomprifed under three clafles. 1. The properties Stahl has attri. 
buted to this principle, are not univerfally found in thofe bodies 
which he affirms to contain it. Charcoal, and in particular that 
of refins, which he regards as being almoft pure phlogifton, is 
poffefied neither of fmell, volatility, or fufibility. There are even 
_ fome charcoals which are not very combuftible. Diamond, a 
i fubftance very infufible, fixed, tranfparent, inodorous, is perhaps 
_ the moft inflammable fubftance we know, fince it burns totally, 
and without refidue. Spirit of wine, ether, and many effential 
oils have no colour. 
2. It often happens, that bodies in lofing their phlogifton ac- 
quire the very properties Stahl commonly attributes to its pre- 

‘fence, and which were fcarcely obfervable in the body before. 

_ Moft metallic bodies, by calcination, acquire a deeper colour, as 
may be inftanced in cobalt, mercury, lead, iron, copper, &c. 

3. Stahl, in his great attention to combuitible bodies, from the 
nature of which he endeavoured to afcertain. that of phlogifton, 
has paid very little regard to the abfolute neceflity for the pre- 
fence of air in combination; and feems to have forgotten how 
eflential it is to that procefs. It is in confequence of this, that 

he has not forefeen the ftrongeft objeCtion that could be made to 

his theory 5 but which, however, was not propofed by any che- 
 mift of his time. If combuftion be nothing more than the dif- 
engagement of phlogifton, it is clearly a decompofition, in which 
the inflammable body lofes one of its principles. But is it poflible 
that a body, by the lofs of one of its principles, fhould become 

_abfolutely heavier than before? Yet it is true, that one hundred 

ak pounds of lead afford an hundred and ten of -minium ; and that 
- fulphur, by combuttion, affords more than its own weight of vi- 
triolic acid. And in the fame manner, fixteen ounces of f{pirit of 
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wine, by being burned, affords eighteen ounces of pure mata 


according to ‘his happy difcovery of M. Lavoifier. 
The force of this obje€tion, added to the difficulty of stories 


_ the exiftence of phlogifton, have induced fome modern chemifts_ 


to deny its exiftence altogether. This, however, muft be under- 
ftood with fome reftri€tion ; for, notwithftanding the immentfe, 
refearches made of late years into the phenomena of combuttion, | 


the opinion which admits the exiftence of fire as a principle fixed 


in bodies, has not yet been overthrown, and its name of phlogi-. 
fton has been changed into that of caloric or combined heat. 
But it is not to this matter that the property of combuttibility i is 
attributed. Its prefence in inflammable bodies is not that which ° 
determines their inflammability. | 

Since the attention of chemifts has been directed to the necef- 
fity of air to combuftion, many important difcoveries have been 
made; the principle of which is, that a portion of. atmofpheric 
air is abforbed by bodies that burn, and that it is this part of the 


air, which, becoming fixed or combined, increafes the abfolute 


gravity of metals, fulpbur, phofphorus, inflammable air, and fpi- 
rit of wine, after their combuftion. And it has likewife been 
difcovered, that this augmentation correfponds accurately to the 


weight of the air abforbed. Some chemitfts, at the head of whom — 
Mefirs. Lavoifier and Bucquet may be placed, have admitted a 


new theory, entirely founded on the abforption of air, and where- 
in no mention is made of phlogifton. This theory is direCtly op- 
polite to that of Stahl, and is comprehend in the four follow- 


pe principles : 
. The bodies, called hlogifticated by Stahl, are, meter to 


| his bbGiine: bodies which have a ftrong tendency to unite with 


air; a tendency which in general conttitutes combuftibility. 


2. All the facts or circumftances in which Stahl {uppofed phlo- | 


gifton to be difengaged, confift of nothing more than the enter-. _ 


ing of pure air into combination. Such are combuttion, calci- : 
nation, refpiration, the formation of the vitriolic and phofphoric_ Df 


acids by the combuftion of fuphur and of phofphorus. 

3. Every circumftance, on the contrary, wherein phlogifton 
_ enters into combination, according to Stahl, confifts of nothing — 
‘more, in the pneumatic theory, than the difengagement of air. 


a 


inal 
Such are the production of metals effected by the .reduétion | 
of metallic calces and charcoal, the decompofition of acids by 
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_ Bonide boas, bad in particular thofe of the vitriolic and 
acids by iron, charcoal, &c. 
whys “Every matter which Stahl fuppofes to be a compound, con- 
_ taining phlogifton, is regarded in this theory as a fimple fub- ~ 
_ tance, which has a ftrong affinity with pure air, and endeavours 
Ns ~ to combine with it whenever they come into contact. So that 
~ combuition confifts in a combination of air with the combuttible 
| _ body ; and every operation, in which bodies have been thought 
i aod regain phlogifton, is fimply either the dilengagement sal pure 
| aity:or its paflage from one body to another. 
hip. This “ah PS adopted by the late M. Bucquet, in. his latter 
Xe 5 of lectures, explains the greater part of the phenomena 
: ftion, calcination, and reduction of metallic calees; but ~ 
does not afford adequate reafons for the flame which is pro- 
cec by bodies in a ftate of ignition, nor the rapid motion and 
other changes that attend it. M. Macquer, who muft have been 
vell aware of the influence of the modern difcoveries on chemi- 
| CONT was of opinion that they do not entirely overthrow 
mek Stahl, and has found means to unite the pneumatic doc- 
we have here explained with that of phlogifton, by confi- 
ei vinci as light fixed in bodies. After having fhown 
pure light, fuch as is emitted bythe fun, may be regarded 
tue matter of fire, and that by admitting it as fixed in 
» it conftitutes the phlogifton of Stahl, he conceives that 
or} inftance of combuftion, the pure air difengages the light 
hlogifton from inflammable bodies, and occupies its place 5 
fo tl ei enicacsy be regarded’ as the precipitation of air, 
| difengagement of light. When, on the contrary, phlogifton 
tored to neutral fubftances, the matter of light ferves to dif- 
i é in its turn the air fixed in thofe bodies, by which-means 
i gain refume the metallic ftate. In this theory, which per- 
y anfwers the intention of its author, by uniting the doctrine 
hl with that: of the moderns, Macquer thinks that phlo- 
a f tke ; yea wit with bodies even in clofed veffels, becaufe light, 
whicl yards as the true phlogifton, paffes through glafs vef- 
hy els Eo knows, and even penetrates metallic or earthen 
* eft s when heated to ignition. Scheele has propofed a different 
theory, which has had its adherents among the northern chemitts. 
He fuppofed that fire, heat, and light, were compounds of vital 
. a I, L 
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air and ibioatltn ; ; that, by pafling through the veffel, the light 
was decompofed, it depofited its phlogifton, and the vital air. was 
difengaged as in the reduétion of the metallic calces or oxyds. 
But this ingenious theory, by the afhiftance of which Scheele 
explained the influence of folar light and heat differently modi« 
fied, in a great number of chemical phenomena, does not afford 
the reafon of the increafe of weight in metals, reali — 
phorus, &c: after their combuftion; 

Lavoifier, whofe opinion ought to have as sie che in 
chemiftry as his experiments have had influence on its progrefs, 
has offered a new doctrine, which many French chemifts have 
adopted; arid which appears to me to explain, the moft per= 
fe&ly of all the phenomena of nature. He thinks that light, 
heat, and all the great phenomena which combuttible. bodies 
preferit in their inflammation, depend more upon the air which 
favours this laft procefs, than on their own proper nature; 
that the fame which takes place in this operation, arifes rather 
from: the light diferigaged from the pure air, than from that 
which is fepatated from the combuftible body. The decompofi- 
tion which takes place, according to Stahl and Macquer, in the 
inflammable fubftance, is by him attributed to the pure air, which: 
he confiders as a compound of the matter of fire, and another 
principle we fhall hereafter ipeak of ; and the fixed fire, whofe 
difengagement produces the principle effect, is, according to him, 
feparated from the pure air rather than from the combuftible 


- body. We cannot enter more fully ia this place inte this inge- 


nious fyftem ; we fhall dwell more largely upon it in the hiftory 
of air, which belongs to the following chapter. We fhall content 
ourfelves by obferving, that the matter of fire or heat, which 
Lavoifier admits in pure air, and whofe difengagement is, accord=. 
ing to him, the caufe of the dazzling flame andiftrong heat which, 
attend the rapid combuftion produced by this air, performs nearly 
the fame office as the phlogifton of Stahl, or the fixed light of 
Macquer, and that all chemifts are agreed concerning its exifts 
ence; but that they differ in this, that fome admit its exiftence im 
the Harn bultible bodies, and confider it as the caufe of inflamma- 


bility; others think that it exifts in the air, and that it is not the 
fubftance which determines the combuftibility. We ee in | 


+ 
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following chapters explain the reafons which lead us to think, 
that this laft opinion is the moft probable ™. 


§5. The BfeAs of Heat on Bodies confidered Chemically 


Tt has been feen, that one of the principal effects of heat, is 
the rarefaction of bodies, that is tc fay, the augmentation of their 
bulk, by increafing the diftance between the particles, and a con 
fequent diminution of their fpecific gravity. This, is the fimple, 
phyfical, or mechanical idea, we have exhibited in fpeaking,of 
tarefaction in general ; but when this action is more carefully at- 

tended to, we find its other confequences are fuch, that it bes 
comes of effential confequence to underitand them. | 

_» The firft and moft ftriking chemical confideration that prefents 

itfelf, is, that heat, by removing the particles of bodies farther 

“apart, diminifhes their aggregation. The force of aggregation 

Pynd the affinity of compofition being always oppofed to each 
other, as has been fhown in the third chapter, it is eafy to cons 
ceive that fire or heat fingularly favours * combination, by de- 
 ftroying aggregation. This effect has caufed fire to be regarded 
ag the principal agent-of the chemifts, and they have themfelves 
dffumed the title of philofophers by fire. We shall fee, however, 

9 they avail themfelves much defs of its afliftance than they 

 dids 
"The a€tion of heat confidered under this point of view, as 
tending to deftroy aggregation, and to favour combination, feems 

_ tobe modified in four different manners, according to the nature 

_ of the bodies on which it exercifes its power, 

_ 1. There are bodies which it only dilates, during the time of 
- its continuance, without altering them in any other refpect ; thefe 
are called apyrous: ‘Thus it is found that rock cryftal +, expofed 
to the ftrongeft and moft powerful heat, continued for a long 
time, ‘fuffers no alteration, either in hardnefs, tranfparency, or 
ah other property, and comes forth from this trial as denfe and 


larging the intervals through which other particles muft pafs, in obeying the 
affinity ; and there’ may be many affinities too weak to act without thig 
nee. T. 
my nh It has been melted by flame, urged by a ftream of dephlogifticated air, Ty 
Li Y 


& oT he fimple removal of patticles from each other, may favour combination, 
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~ as beautiful as ever. There are few fubftances equally vochanges 
able by fire ". f a Sal eis Waite 
2. Heat entirely deftroys. ‘the a eI of many bodies, 
‘caufing them to pafs from the folid to the fluid ftate. This phe- 
nomenon is called fufion, and the’bodies which undergo it fufible. 
There are different degrees of fufibility; from that of platina, 
which is exceedingly difficult to melt, to, that of mercury, which 
in our climate is always fluid. This fufibility,-cartied tothe ex- 
_ treme, is volatility. A body is volatilized, or rifes i into. the at- 
mofphere, when it pafles from the ftate of liquidity, by. a high 
degree of rarefaCtion, to that of an elaftic fluid. - Being ‘then’ 
lighter than the atmofpheric air, it afcends,.and remains ful 
pended, or diffolved, until condenfed by cold. Bodies pofleffed 
of this property, are faid tobe volatile. Thofe which do not 
poffefs it are called fixed. “There are many gradations between 
fixity and volatility. It feems indeed that there are’ no bodies 
abfolutely fixed, and that they are only relatively fo with refpec& 
to our fires, but would rife at greater heats than at prefent we 
know how to excite. The fame obfervation applies alfo'to infufi- 
bility. The caufe why rock cryftal cannot be fufed, is fimply, 
that we cannot excite a fufficient degree of heat. - The infufi- 
bility and fixity of bodies is therefore merely comparative amongft 


wepRe Cae ers ot 


each other,’and with refpect to our fires)? S20") Bate Yon tant: 
This effential property of volatility muft be well difcriminated 
from another kind, which is only apparent. The current! of 
heated ‘air, or explofions of flame, may raife bodies. ina ftate of 
‘minute divifion, though not volatile in themfelves. Thus the 
calx of zinc is raifed by the rapid motion of the elias which is 
produced in burning that femi-metal. 90 N28 
3. When heat aéts on bodies compofed of two principles,’ one. 
of which is volatile, and the other fixed, it feparates them by 
volatilizing the former. Thefe--bodies are décompofed ° without. 
_ alteration; fo that they may be compounded again, and all their 
properties made to re-appear by uniting them. This feparation 
of conftituent parts, is the true or fimple analyfis. --Fire applied: 
to bodies compofed of two fubftances differing sreatly: i in their 
degree of volatility, reduces the very volatile fabftance ‘to the 
{tate of vapour, while the fixed remains unaltered. In order that. 
this analyfis may take place, ‘it is a neceflary condition that the 
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fixed, as well as the volatile fubftance, be unalterable by the heat 
applied ; or that the heat to which they are expofed, be not 
- raifed fo as to change completely their properties. In that cafe, 
the volatile fubftance having undergone no greater alteration than 
the fixed, they may be united together fo as to produce a com- 
pound the fame with that which exiited before its:decompofition. 
It is this alone that indicates that a true or fimple analyfis has 
been effected. Butas it feldom happens, that bodies are com- 
pofed of two fubftances, the one volatile and the other fixed, and 
as it is often difficult, and even fometimes impoffible to regulate 
\ the heat fo as to feparate the more volatile, without changing the 
nature of the fixed ; 3 it is eafy to conceive, that the number of bo- 
e dies thus acted on by heat, is very fmall. This is the reafon why 
chemifts make lefs ufe of fire in their operations than they did 
_ formerly. The fubftances on which heat produces this effect, 
3 faid to be decompofable without alteration. Certain mi- 
_neral matters, fuch as cryftallized falts, and folutions of neutral 
y ofalts, belong to this clafs, 
_ .» 4 If the bodies expofed to heat be compofed of feveral prin- 
ciples, both fixed and volatile, the volatile principles combine 
fi _ together, as do alfo the fixed; {fo that the decompofitions afford 
i‘ new products, which cannot form the original compound by re- 
union, This is the falfe or complicated analyfis ; and bodies 
acted on by heat, are faid to be decompofable with alteration. 
«The greateft number of natural fubftances are of this kind; 
i they are compofed of too great a number of principles to 
f z admit of the action of heat, without new combinations taking 
_ place, as well as decompofitions. Since the force of the aflinity 
J of compofition exifts in all bodies; fince it is even affifted by 
 shidigt in proportion as the principles of a compound of this na- . 
ture are yolatilized by the fire ; they re-act on each other, unite 
i and form an order of combination different from that which ex- 
— ifted formerly : The fame kind of union takes place alfo among 
“the fixed ‘principles of the body. ‘Thus we find, by expofing a. 
iece of wood, bark, or other vegetable matter, to the action of 
in heat, the oily matter and the charcoal, which are the component 
yePats, decompofe a portion of the contained water, and form an 
ie elaftic fluids, and a brown oil, which did not exift as fuch 
at “in the wood, ‘&c. Every part is therefore changed by the action 
ae L iij 
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ofthe heat, and the phenomena announce a falfe and compliy — 
cated analyfis, whofe refults would miflead chemitts, if they were ~ 
not aware of its uncertainty ‘and infuficiency. It is certain that 
art cannot produce again any vegetable fubftance, by mixture of 
the phlegm, oil, acid, and coal obtained by an analyfis of this. 
kind, becaufe the principles it affords have fuffered very confi< 
derable changes. It is unfortunate that the greater number of * 
bodies are fubjeét to this kind of change by heat, Every animal — 
and vegetable fubftance, and a great quantity of mineral matters, — 
belong to this clafs; but the modern difcoveries are able. to de- 
termine the true nature of the principles which conftitute thefe 
matters, from the confideration of thofe which are difengaged. a 
Thus far wé have fpoken only of a fttong heat, fuch as is com~ 
monly applied in the different operations of art; but a low de- 
gree of heat, long continued, produces in the operations of na=- 
ture a great number of phenomena, which the chemift ought to 
attend to, and endeavour to underftand. The vibrations excited 
by the prefence of heat, in the folid parts of bodies, and the 
rarefaction and agitation produced in the fluids, keeps up a con- 
tinual inteftine motion, which by degrees changes the form, the 
dimenfion, and {tru€ture of the former, and fenfibly alters the © 
¢confiftence, colour, tafte, and, in a word, the intimate nature 
of the latter. This is the general idea we may form of the ex- 
iftence and effect of the chemical operations that take place in. 
natural bodies, of the {pontaneous decompofition and re-combi- 
nation of minerals, with the cryftallization, folution, and for-_ 
mation of falts, the vitrification, and metalization, the vitriolizae r 
tion, and mineralization that take place in the interior parts of 
_ the globe we inhabit. It i is to the powerful agency of heat, liken 3 
wife, that we muft recur, to account for the alterations of which _ 
the bodies of -yegetables and animals are fufceptible, the motion — 
_of the fap, the mild fermentation which produces maturation, or 
ripenefs i in fruits, the formation of oils, of the fpiritus. reGtor, _ 
of | mucilages and of the colouring principle, the compofition of — 
animal fluids, their decompofition, reciprocal changes and putres 
faction, All thefe important phenomena are produced by che- . 
mical operations 3 and the heat diffufed over qur globe i is the go- 
verning principle. Our prefent intention is fufficiently anfwered, — M 
by the tranfient view we have b taken ¢ of this 8 common. fource of 
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motion, life, and death. We have here given a fketch of the 
fubject, and fhall endeavour, in the teeth een; to exhi- 
bit its parts with accuracy. 
As thefe various effets of heat arife from the feparation which 
it produces between the particles, let us again confider this firft 
effect, and endeavour to appreciate its whole influence. 
Water in the form of iceis foftened by a certain degree of 
~- heat, as appears by its being lefs elaftic; a greater degree of heat 
melts it; and laftly, it becomes ftill more fluid, if the term may 
be ufed, when a ftronger degree of heat reduces it into vapour, 
or elaftic fluid ; fo that the vapour of water may be faid to con- 
_. tain a total fum of heat, confifting of the quantity neceflary to 
ronttitute ice of a certain denfity, added to the quantity necef- 
fary to produce the ftate of liquidity; and laftly, the quantity 
aera to maintain the {tate of elaftic fluidity °. 
This general theory may be applied to all the bodies in nature ; 
, there is no one which may not be confidered as capable of paf- 
fing through all thefe ftates by the afliftance of a fufficient degree 
of heat, and as far as relates to this property, they do not appear 
to differ from each other, but in the quantities of heat neceflary 
_ to produce the changes refpeftively in each. It is for want of a 
fufficient degree of heat, that rock cryftal can neither be melt- 
ed, nor brought into the vaporous ftate ;.and it is no more dif- 
ficult to conceive the poflibility of this being effeéted, than it is 
to conceive that the fluid we always fee in a ftate of elafticity, 
framely, the air may acquire a great degree of folidity, as in fact 
happens in many combinations. 

' Itis eafy on thefe principles to explain the formation of elaftic 
fluids, which are difengaged in a great number of the operations 
of nature and art. It takes place every time that a body receives 

and abforbs a fufficient quantity of heat to caufe it to pafs to the 
‘ftate of divifibility, which conftitutes aeriform fluidity, and which . 

takes place whenever bodies receive and abforb fuflicient quan- 
tities of ‘heat: All aeriform fluids owe their elaftie property to 
the matter of heat ; but the preflure of furrounding bodies, and 

mote efpecially that of the air, is required to be removed or di- 
 minifhed before’ this ftate of extreme dilatation can take place, 

_ and if the weight of the atmofphere be entirely removed, ‘as hap- 
pens inthe vacuum of the air pump, a body at a much lower 
L. iiij 
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temperature than would have been’ neceflary to have produced 
the elaftic ftate in the open air, may immediately become elaftic, 
This accounts for the more rapid evaporation which takes place’ — 
on lofty mountains; and hence we may perceive the neceflity of 
mentioning, in the account of experiments, at what degree of ex= _ 
ternal preffure bodies have taken the form of elaftic fluid, or at — 
leaft the degree of preflure under which they can _preferve it. 
For it muft be obferved, that all bodies capable of taking this ftate 
of elaftic fluidity, are not equally difpofed to preferve it, and that in. 
this refpect the differences between them are fo great, that they 
have been diftinguifhed into permanent and non-permanent. ‘The 
former remain elaftic during a very long fpace of time, and till 
fome combination takes from them the matter of cheat neceflary 
to maintain their ftate; the fecond, which are’ anctouie by the 
name of vapour, lofe the elaftic fluidity by a degree of preffure 
or refrigeration eafy to be determined, and give out to all the fur- 
rounding bodies the matter of heat, which maintains their aeri+ 
form ftate; fuch are water, fpirits of wine, ether, &c. . Thefe 
three fluids are reduced into vapours, and preferve their aerial 
form, when the barometer ftands at 28 inches, and the water 
- poffeffes the temperature of 80° of Reaymur’s therenarniGhity {pis i 
rit of wine 66°, and theether 32°. 

It appears then, 1ft, That the ftate of aatie duidhity is a itd 
of the exiftence of bodies occafioned by combined heat. 2. That 
every ela{tic fluid is compounded of a bafe more or lefs folid, and _ 
the matter of heat. 3. That each of thefe bafés require more or 
lefs heat to reduce them into the ftate of vapour or elaftic fluid ; J 
and that it is doubtlefs in confequence of thefe properties that all 
elaftic fluids differ from. each other in their dustalh er? elal- 
ticity, &c. ‘An 

Mr. Lavaifier has nxploined this ened ina very ‘paeibitiitind 
manner, in a memoir printed among thofe of the academy i in 
gain |  eolel 

Though we haye divided elaftic fluids into permanent and non< 
permanent , it muft be obferved, that this diftinétion does not f 
really exiit in nature, that it relates only to the heat and degree 
of preflure which are. experienced in our climates, and in moft 
of the habitable parts of the globe ; and that if the cold and pref- 
fyre were more confiderable, thofe fluids, which are now taken 


i 
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: be | ; : 
to be the moit permanent, would foon ceafe to be fo; and in 


' the fame manner, for the contrary reafon, ether and fpirit of 


wine would become permanently elaftic fluids at a certain height 
in the atmofphere, or at the high temperatures of certain: cli- 


mates, fituate beneath the equator, &c. 


~ "Phe matter of heat, which contributes to the formation of per- 
manently elaftic fluids, is intimately combined’ with them, or la- 


- tent, and does not become fenfible, till thefe bodies lofe this flui- 


-~ hy 


dity by combining with other fubftances.. We have fought for 
an expreflion which might denote this {tate of combination in 
heat ; we have adopted the word caloric, becaufe, in faét, when 


this body is fixed, it is no longer heat, but becomes fo only when 


fet at liberty. This denomination likewife avoids the periphrafes 
of the matter of heat, or latent heat, which have been the ex- 


_ preffions hitherto ufed. Cooling, or the tranfition of heat to the 


_ ftate of caloric : heating, or the tranfition of caloric to the ftate 


of heat,—depend on the general law we have eftablifhed. When- 
ever an aeriform fluid or gas combines in fuch a manner as to be~ 


come liquid or folid, it lofes a great quantity of the matter of 


heat it before contained ; and in order that it may pafs to this {tate 


of denfity, it is neceffary to prefent a body which has a greater 
- affinity with its bafe than that bafe has with heat. Such in ge- 


_neral is the caufe of the fixation of elaftic fluids; and in this man- 
ner do they lofe that form by becoming fixed or folid in liquid 


bodies ; it may be further obferved, that each of thefe fluids lofes 
or fuffers the difengagement of different quantities of heat, ac- 
cordingly as it becomes more or lefs folid in its new combination, 


or accordingly as that combination is capable of retaining more 


or lefs fpecific heat. This obfervation ferves to explain the dif- 
ference between the feveral’ kinds of combuftion, which are more 
or lefs rapid, accompanied with greater or lefs heat and flame, 


and leave refidues of various degrees of folidity, &c. pheno- 
mena which fhall be mentioned in the following chapter. 

+. Laftly, If preffure and cold be the two means of condenfing 
_ allelaftic fluids, we may, perhaps, by employing {trong degrees 


of both, fucceed in caufing them to lofe their gafeous {tate, and 
obtain the bafes feparate and pure, by excluding the matter of 


heat which kept them in folution. By this means we fhould be- 


come acquainted with the bafes of vital air, of azotic gas, of hy- 
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drogen gas, &c. This has already been, done with fuccefs im 
one inftance by Mr. Monge, who has reduced the fulphureous — 

acid gas to a ftate of liquidity by the application of a great degree | 
of cold ¥. 


§ 6. Concerning Fire, confidered as a Chernicah Agent, and tbe Mo 
thod of applying it to Bodies, 3 


The different changes produced in bodies by heat, are scien 
ed by chemifts in decompofing or combining bodies. The firft — 
circumftance to be attended to, is to have an exa&® meafure of 
the deprees of heat neceflary to effeét the changes, of which the 
matters under examination are fufceptible, ‘The degrees of heat 
are generally confidered under two principal divifions ; one com-— 
prehending thofe under the temperature of boiling water, and 
the other fuch as are above that temperature. ‘The feale of the 
thermometer ferves to diftinguifh the former; the latter, for 
the greateft part, can be eftimated only from the bi. ibility uraity 
ferent fubftances 4, 


_ Divifions of Heat below the Boiling Water + Points 


The firft divifion extends from 45° to 60° of Tahrenheit ¥, 
This temperature favours putrefaétion, vegetation, flow evapora- 
tion, &c. It is not commonly ufed in chemiftry, becaufe not 
confidetable enough; except in certain macerations made during — 
wititer, or for the cryftallization of faline mixtures, after due eva- 
poration, placed in caves, or other fituations of this temperature. 
The fecond divifion, extending from about 68° to 30°, continues 
to ptomote putrefaétion. It excites the {pirituous fermentation — 
in faccharine liquors, and facilitates evaporation, and the flow — 
éryftallization which follows. ‘This is the ordinary heat of tem 
perate climates. It is ufed for digeftion, faline pose fer~ 
mentations, &c. oh Thre 
The third divifjon lies between the 88th ind rooth degrees of — 
the thermometer. In this temperature the acid, or acctous fer- 
wientation in vegetables, is beft carried on, and plants: are ute 
eefsfully dried for ptaétical ufe. It is ufed for certain faline fox 
 jutions, and to promote fermentations. — 
~The fourth divifion i is at, or near, the ML 00 of wohl 


, * Reaunur’ $ fale is ued i in the original. T. 
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45°. It is called the mean degree of heated water, and is that 
of the veffels called balneum mariz. It deftroys the organization. 
of animal matters, and volatilizes the more fubtile parts of effen- 
tial oils, efpecially the fpiritus rector. It is ufed in the diftille- 
tion of vegetables and animal matters, whofe phlegm and prin- 
oplent fmell are intended to be feparated. 

The temperature of boiling water, or 212° is ufed in decocs 
| tions, the extraction of effential oils, &c. 


Divifions of Heat above Boiling Water. 


The firft divifion melts fulphur, burns organized matter, or 
gives a low red heat to glafs veilels, 

The fecond extends from the fufion of the fofter metals, fuch 
as lead, tin, or bifmuth, to that of the fofter kinds of glafs.. 

The third divifion may be confidered as including the fufion of 
_ metals of a middle confiftence, fuch as antimony, filver and golds 

The fourth ferves to bake porcelain, and fufes the more re- 
fractory metals, fuch as cobalt, copper, iron, &c. 

‘The laft and higheft of all-is found in the focus of the burning 
glafs. This extreme heat caleines, burns, and vitrifies, in a very 
thort time; all bodies fufceptible of fuch a change. A fimilar 
degree of heat may be excited by a ftream of vital air or oxyge- 
nous gas thrown upon charcoal, by means of the bellows or blow- 
pipe. M. Monge is of opinion, that by prefenting atmofpheric 
air in a ftate of compreflion, to combuftible bodies in a ftate of 
inflammation i in the furnace, an effe€&t may be produced fimilar 
to. that excited by vital air, This procefs er hereafter be ap- 

to operations in the large way. 

_ Though thefe divifions above boiling water are determined by 

mena well known to chemifts, their admeafurement has 
not the defired precifion. An inftrument capable of indicating 
with exactne{s the degrees employed in thefe operations, would 
be an acquifition of great value and importance. Mr. Wedg~ 
wood has conftructed in England a thermometer of this nature ; 
it is formed of fmall pieces of clay half an inch in diameter. 
Thefe pieces, when contraéted by heat, advance to a greater or 
lefs diftance between two rules of copper convergent towards 
gach other, upon a plate of the fame metal. In this manner, by 
fheans of a fcale drawn upon thefe rules, the degree of contrac 
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tion, ‘and confequently of heat, which they have experienced, is 


afcertained.» Fournal de Phyfique, 1787" ‘hte ash 


- The heat’ required in chemical operations, is produced by the. 
combuttion of charcoal, or common mineral coal. For this pur=' 
pofe, various furnaces of different forms and names are con~' 


ftruGted, according to the purpofe they are intended to anfwer. 
Such are the furnace for digeftion, for fufion, the reverberating 
furnace, the wind furnace, the cupelling furnace; and it is pof- 
- fible, by a fkilful attention to various particulars, to conftruct 
a furnace capable of anfwering the intentions of every kind. It is 
then called a polycreft furnace. On this fubje&t the chemical dic- 
tionary of Macquer may be confulted, where the author defcribes 
a peculiar and very ufeful furnace of his own invention: Alfo the 
chemiftry of Baume, the Lithogeognefia of Pott, the Journal de 
Phyfique of the Abbé Rofier, in which the defcription of many 
furnaces, conftructed by various chemifts, may be found. The 
flame of oil and fpirits of wine is fometimes Faye in'y in pirae 
furnaces adapted to that purpofe. | 

~The manner of communicating heat to bioiee in dich various 
chemical procefles, likewife deferves to be confidered. If the 
combuttible matter itfelf be applied to the fubftance itfelf, or the 
veflel immediately containing it, the operation is faid to be per- 
formed by a naked fire. If any fubftance be placed between the 
fire and the veflel containing the matter under examination, ‘the 
interpofed fubftance is called a bath. . Hence the names balneum 
mariz, or water bath, fand bath, dung bath, cinder bath, &c.. 

The form of the veflels employed in. the treatment of. bodies 
by fire, and the different phenomena prefented by the matter exe 
pofed to its action, have occafioned a confiderable number of ‘ope- 
rations to be diftinguifhed by particular names. Such as roaft- 
ing, calcination, fufion, reduction, vitrification, cupellation, ce- 
mentation, ftratification, detonation, decrepitation, fulmination, 
fublimation, evaporation, diftillation, reétification, concentray 
tion, digeftion, infufion, decoction, lixiviation. 'Thefe. opera- 
tions performed by the. affiftance of fire, conftitute the practical 
part of chemiftry, of which we fhall proceed to Bina a ‘es ace 
‘count. . 


Roafting is a procefs by ioc hi mineral matters are divided, z 
‘fome of their principles .being volatilized, and others changed, 
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fo as to prepare them for other operations, to which this may be 
regarded as preliminary. Minerals are fubjected to this, in or- 
der to feparate their fulphur or arfenic, and to render them more 
pulvereble or friable. In the {mall way, this is done in crucibles, 
roafting nets, or capfules’ of earth or iron, and generally with 
accefs of air. Sometimes it is performed in clofed veflels, for 
which purpofe two crucibles are ufually luted mouth to mouth. 

| Calcination is, as it were, a more advanced ftage of the pro- 
cefs of \roafting. Minerals are by this deprived of their water, 
calcareous {tones are'thus converted into lime, and the metals 
into metallic oxyds. ‘The fame veflels are employed for this pur- 
pofe as for roafting. 

By fufion, bodies are made to pafs from the folid to the fluid 
ftate, in confequence of the application of heat. Salts, fulphur, 
and ‘metals, are the chief bodies fubjected to this procefs. Cru- 
cibles of baked clay of porcelain, of courfe grit of iron and pla- 
tina, of various kinds and figures, with metallic cones or ingot 
moulds, are the inftruments chiefly ufed. Thefe laft give the 
figure to the matter, which, after being melted and cooled again, 
has the form of a bar, or ingot, or a button, 

_ In redu@tion or revivification, the oxyds of metals are reftored 
to their metallic ftate by the afliftance of fire, with charcoal or 
oils; or other inflammable matter. 

Vitrification, is the fufion of fubftances capable of affluming 
the brightnefs, tranfparency, hardnefs, and other properties of 
glafs. Vitrifiable earths with alkalis, and metallic oxyds, are the 
principal matters fubje€ted to this operation. 
~~ Cupellation is the purifying of perfe€t metals, and the extrac- 
tion of the imperfect mixed with them, by means of an addition 
of lead. This laft, promotes the vitrification of the imperfect 

metals, fo that thefe laft are carried off, and the perfe& metals 
are left nearly pure. The name of this operation is taken from 
‘the veflels made ufe of, which are a kind of flat crucibles, fimi- 
lar to fmall cups called cupels. Thefe are:formed of the earth 
of bones, which, on account of its swig eafily imbibes the 
glafs of lead. . 
- Certain powders made ufe of for including particular bodies 
intended to be changed by their action, in clofe veffels, fubjected 
to heat, are called cements. ‘Thus it is that iron is cemented 
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with sania of charcoal to convert it into fteel; and plats with 
platter or fand, to convert it into a kind of: porcelain. ‘Cemens 
tation is a procefs, which, in certain ping requires avery Rrong 
heat. . 

Stratification is an csi ai nearly fimilar to the foregoing : It 
confifts in the arrangement of various folid bodies in a crucible, 
or other veffel capable of refifting the fire. Thefe are generally. 
in the form of bars or plates, and are blended »with pulverable 
matters, capable of altering their nature. The form andthe dif. 
pofition of thefe matters in beds or layers, frata fuper ftrata, has 
given rife to the name ftratification. In this manner copper or 
filver are treated with fulphur, in order to effeét a combination; 
This procefs differs from fufion, calcination, or vitrification, only 
in the particular difpofition of the matters fubjeGted to it.” 

Detonation is peculiar to nitre, and thofe matters.of which it 
is a component part. It confifts in the greater or lefs noife: pro- 
duced by the explofion of thefe fubftances when heated, fuddenly 
or flowly, and by degrees in open or clofe veflels. Decrepitation 
‘ which differs from detonation in its noife being much lefs, and 
in the kind of crackling found with which it is accompanied, is pe» 
culiar to fuch falts as burft afunder by heat, which caufes their 
water of cryftallization to expand, and’ make its efcape. It ig 
particularly obferved in commomw falt or muriat of foda. Fulmi+ 
nation is a quick and fudden detonation obferved in fulminating 
gold,. fulminating powder, and the eT we perso 
and pure air, &e. 

The operation of volatilizing by heat, init Culieaine as are 
in a dry} folid; and often cryftalline ftate, is called’ fublimation, 
The fublimatory veffels are of glazed earthen ware, or earthen 
cuecurbits, with glafs heads, or pots of earthen ware, or. porce- 
lam, called aludels, matraffes, &c. Sulphur, arfenic, cinnabar, 
and many mercurial: preparations, fome vegetable matters, and 
in particular; camphire and flowers of benzoin, are the elnt 
fubftances which are raifed in fublimation. “ 
_ Evaporation is the action of heat: upon liquids, in order te die 
minifh the fluidity and quantity of the refiduum, and to obtain — 
the fixed bodies it may hold in folution. In this way the water of 
the fea or falt fprings is. driven off, and the falt is left. This 
operation is made in broad veflels of earth, glafs, filver, or other 
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metals, according to. the nature of the liquids under examination, 
Evaporation is performed by an open fire, or with accefs of air, 
in order that the fluid intended to be driven off may be at liberty 
to expand and be diffipated, and that this may be effeéted more 
quickly by virtue of the diffolvent power of the air on fluids in 
a ftate of vapour. 
Diftillation is an operation nearly of the fame nature, but per= 


SS clofed vefiels. It is intended to feparate the volatile 
from the fixed principles, by means of heat. _Diftillatory vef- 


fels are either alembics or retorts: The former confifts of an ins 
ferior veffel, called a cucurbit, defigned to contain the matter to 
be diftilled, and having an upper part fitted to it, called the ca- 
pital or head. In this laft, the vapours are condenfed by the 


— contaét of the furrounding air, or in other cafes by the affiftance 
of cold water furrounding the head, and contained in a veffel, 


called a refrigiratory. From the lower part of the capital pro-. 
ceeds a tube, called the nofe, beak or fpout, through which the 
vapours, after condenfation, are, by a proper figure of the capi- 


_tal, made to flow into a veflel called the receiver, which is ufual« 


ly fpherical. Thefe receivers have different names, according to 


’ their figure, being called matrafles, balloons, &c. Retorts are 


a kind of bottle of glafs, pottery, or metal, of a conical figure, 


_ having its extremity bent fo as to form an angle more or lefs acute 
with its body, and hence the name refort. Dittillation is im- 
properly diftinguifhed into three kinds, by afcent per afcenfim, 


by defcent per decenfum, and fideways per Jatus. Thefe di- 
ftinGtions, which are but futile, feem to have been taken from 
the form of: the veffels. Matter in a {tate of vapour always tends 
to rife , but diftillation by alembics has been called per afcenfum, 


becaufe the capital being immediately above the body, the vapours 


rife in an obvious manner. ‘The diftillation by retorts has been 
ealled per latus, becaufe the neck.of the retort comes out at the 
fide of the apparatus, though the roof of the retort be higher 
than its neck, and.though the vapours pafs over only after having 
been condenfed by the external cold in the roof, or higheft pare 
of the retort. As to the diftillation per defcenfum, it is an un- 
fkilful and ill-contrived operation, which is no longer ufedy be- 
caufe its produéts are for the moft part loft, and thofe which are 
obtained are in a fouland imperfect flate. It was performed by 
4 
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placing fome vegetable fubftance on a. cloth extended over the — 
mouth of .a glafs veffel containing fome water; on this was. laid 
a metak difh containing live coals. In this way cloves, and feveral d 
odoriferous matters were in the ancient pharmacy, and. for. pers Fi 
fumer’s ule, diftilled to obtain their effential oil: The produ& _ 
pafled through the linen, and was condenfed by:the water; but 
the greateft part made its ef{cape between the metallic difh cover. ati, 
and the cloth. A diftin@tion relating: to the manner.of. heating. 
bodies intended to be diftilled, is much more neceflary to be made, - 
than thofe we have been {peaking of. “The water bath, the vas 
pour. bath, the fand bath, the bath of afhes, confift of thefe fub= _ 
{tances contained in proper. vefiels over: the fire. In thefe the _ 
diftallatory veffels are plunged,, and are by that. means kept at a_ | 
more determined and equal heat.. The naked fire is alfo ufed in i 
diftillations, as is alfo the flame of a lamp, or of fpirit of wine.» 7 

Rectification is a fecond diftillation, in. which fubftances: are _ 
purified’ by their moft volatile parts being raifed by heat carefully — 
managed. . Thus fpirit of wine, ether, ‘&e. are rectified by their 
feparation from the lefs volatile and foreign matter, which altered. ‘ 
or debafed their properties. : ppeocheyt spay 

Concentration is the inverfe of sasbtiiteedt aise as it as iritended | 
to deprive fixed fluids of the water which weakens them. ) This | 
operation implies, it is evident, that the matter to:be: concentra 
ted is heavier than water, and is ufed for certain acids, particu- 
larly the fulphuric, phofphoric, and alfo for {olutions of alkaline 
and neutral falts.. | ul, Tab 2 yee. 

Digeftion i is an operation in which fuch canttcniaie as are intend. " 
ed. to act flowly on each other, are expofed to a flow heat): cons re 
tinued for a long time. | It is particularly ufed in the: extraction 
of fuch parts from vegetables as are foluble in’ fpirit of wine, or — 
other fluids ufed for this purpofe. |The ancient chemifts, held agi 
this procefs in great eftimation. ‘Though this confidence, feems 
_well founded, i in confideration of the change which, ip Leri | 
examination, it is found that moft vegetable and animal: fubftans — * A 
ces undergo by a too powerful heat, yet it is not carried to that | 
— enthufiafm which the alchemifts fhowed in their purfuits.: Thete 
men, with more afliduity and labour than their pretended | art 
deferved, made digeftions of many years duration, and: believed — in 
by that means that it would be in their power to work a. great 
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number of miracles. Digeftion is now coutilied to the preparing 
of tin€tures, elixirs, cordials, and it is fuccefsfully ufed in-the 
extractions of vegetable or animal principles without alteration. 
It is likewife ufed to advantage in feveral proceffes with mine- 
rals. 

ebiGnersi is a cats well known. It confifts in pouring water 
| of any required degree of temperature on fuch fubftances as 
rave a loofe texture, as thin bark, wood in fhavings or {mall 
pieces, leaves, flowers, &c. It is very ufeful in feparating the 
_ moft foluble parts of thefe, and i is ors in a great number of 
chemical operations: 
» Decoétion, or-continued ebullition with water, is employed to 
feparate fuch parts of bodies as are only foluble at this degree of 
heat. It greatly alters vegetable and animal matters, coagulates 
the lymph, melts the fats and refins, hardens fibrous parts ; and 
is advantageoufly ufed in chemical operations, by fuch as are ac- 
- quainted with its effects. 
_ Lixivation; is the operation of diflolving or extracting, by the 
help of hot water, the faline and foluble matter contained in the 
afhes of plants, of the refidues of diftillation, or combuftion, or 
of coals, or natural earths intended to be analyfed. As by 
this operation, falts of the kind termed lixivial are generally ob- 
tained, it was natural to give it the name whichit bears: The 
fynonymous word /e/ive, is, at prefent, more frequently ufed in 
France, ‘than even the term lixiviation.’ This operation, there- 
fore, is nothing more than a folution by the afliftance of heat, and 
does not differ from infufion, except in the particular application 

the. latter to vegetable and animal matters, while the former 

is applied to fubftances that have the properties of minerals. 
_ Such aré'the different operations performed in chemiftry, by 
the afliftance of fire: And as nothing was formerly done with- 
out this agent, this fcience was then no more than an art, and 
was called Pytotechnias At prefent it is much lefs ufed, in con- 
fequence of the difcovery of more certain methods of analyfing 
natural fubftances. The action of folvents or menftruums em- 
ployed-withont the application of any heat beyond the tempera- 
tute of the air, is fufficient to effet the moft fingular changes, 
_ and is produétive of clear and valuable deduétions. This mee 
thod is purfued with fuccefs in the examination of falts, earth, 
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vegetable matters, &c. Heat is now regarded only as an auxi= , 
liary agent, by which combinations are forwarded. As it is em= 
ployed in different degrees, it would be a valuable acquifition, if — 
we knew how to apply it with uniform intenfity. A furnace of | 
this kind has long been a defideratum among chemifts, and the. 
manipulations of artifts have hitherto been the only guide to the 
chemift; but it is impoflible by this means to have the degree of 
precifion fo much to be defired. Dr. Black has contrived fur- 
naces which appear proper to produce a regular and uniform heat, 
by means of regifters, which are opened or clofed at pleafure. 
We have*not received fufficient information to enable us to con- 
ftruét the like; but as the art of chemiftry cannot but be greatly 
benefited by this difcovery, it is to be hoped that it will be nip | 


ly adopted in France *. 
* Dr. Black’s furnace is defcribed in the Hdithai gh New Difpdaieaty vices 
in the year £786, p. 49, 50. 
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[Page 139.} ty 


be F ovrcroy has neglected to explain the nomenclature of ath tad The fol- 
lowing note is intended to fupply this omiffion. 

1. The caloric of the French chemifts is fynonymous with the igneous fuid of La- } 
voifier, with the abfolute beat of Dr: Crawford, and with the matter of beat of La 
Place. ‘Thefe terms exprefs a particular kind of matter, or a particular quality of 
matter, which exifts under a variety of modifications oat are mutually con 
vertible. 

2. One of thefe modifications is free caloric. It is in this ftate that caloric 4p 
fects animals with the {enfation of heat, and that it expands in every dire@tion the 
bodies into which it enters. Free caloric was formerly called /en/ible beat, and is 
fynonymous with the expreffions of interpofed caloric, uncombined caloric, thermemiee ; 
trical fire, and caloric of temperature. 

3. Regarding caloric, as an eminently elaftic Auid, ‘which is always sendtite : 
expand, according to certain laws peculiar to itfelf, it is faid that caloric tends — 
conftantly to the ilate of equilibrium. it is upon this property of caloric, that the 
ufe of thermometers is founded. When a mercurial thermometer is immerfed i in = 
water, the caloric of the water makes a effort to diffufe itfelf through the mera 
cury, and the caloric ef the mercury makes an effort to diffufe itfelf through the 
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water. If the tendencies to expand be equal in thefe two quantities of caloric, 
both quantities will remain at reft; the mercury will neither be expanded by the 
entrance of caloric from the water, nor will it be contracted by the lofs of any 
"part of its own caloric. But when the tendencies to expanfion are unequal, the 
ic is impelled from the fubftance where it had exifted in the ftate of the 
; _grentelt tenn, into the fubftance where it had exifted in the ftate of the leaft ten- 
__fion ; and this flow of caloric continues till the forces expanding it are in equili- 
ea When this happens, the degree of dilatation of the mercury, or other 
Aluid employed in the conftruction of the thermometer, is faid to indicate the tem= 
perature of the fubftance to which it is applied. 
_ 4. Caloric is conftantly tending to the ftate of equilibrium, but it paffes with 
different degrees of facility through different bodies. It paffes, for example, with 
greater facility through metals, than through wood or glafs, Bodies are, there« 
' fore, faid to be more or lefs permeable to caloric, or to condu( caloric more or lefs 
_Teadily. 
er {3 When equal quanties of water, at different temperatures, or of any other ho- 
mogencous fubftance fuited for fuch experiments, are mixed together, the caloric 
flows from the quantity which has the higheft temperature, and diffufes itfelf 
through the quantity which has the loweft temperature, till the forces expanding 
; it are in equilibrium, in every part of the mafs; andit is then found that the 
temperature of the mafs is the arithmetical mean between the temperatures of the 
two quantities that had been originally mixed together. 
6. When equal quantities of two different fubftances are taken, and mixed to4 
at different temperatures, the caloric, as in the former cafe, flews fronrthe 
_ ‘body which has the higheft temperature, and diffufes itfelf through the body 
which has the loweft temperature, till the expanding forces are in equilibrium, 
and confequently till both fubftances have acquired the fame temperature ; but 
the temperature of the mixture is no longer, as in the former cafe, the arithmetical 
between the temperatures of the two fubitahces thar had been originally 
taken, In every known inftance, it deviates from that mean, approaching moré 
or lefs to the temperature of one of the fubftances employed. An example will 
illuftrate this fa&t, and the conclufion to be deduced from it. When a pound of 
ite; at 32°, is mixed with a pound of the white oxyd of antimony, by nitre‘(dia- 
-'phoretic. antimony), at 27°, the uniform temperature of the mixture is 31°; the 
ice having loft 1° of temperature, and the oxyd of antimony having gained 4°. 
Now, the oxyd of autimony receiving precifely as much caloric in this experi. 
ment, as is taken from the ice, it follows, that the fame quantity of caloric, which 
. iscapable of raifing the temperature of the oxyd of antimony 4°, is capable of 
- taifing the temperature of the ice only 1°, fince the abftraétion of it has reduced 
a the ‘ ture of the ice only 19. This fact is expreffed by faying, that the ca- 
set f the white oxyd of antimony for caloric, is to the capacity of ice for caloric, 
is to 4. That is, the capacities of bodies for caloric exprefs the relative quan 
tities of caloric, which are neceffury to raife the temperature of equal quantities of 
bodies the fame number of degrees, provided the bodies do noc change their 
: OF farm, while ‘this increafe of temperature takes place *. Lavoifier and La 


- Place ots bio teed the language of /pecific beat, to expreis the sie ages t. 
ol 


“rik yt it is neceffary to objerve, exift in three different nghoten or forms ; that 
Beis that of liquidity, and that of elaftic Buidity. 

¢ objections which fome authors have made to,the ufe of the term capacity 
ea: eric, difappear before the preceding definition of that expreffien, taken from 
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7. There are two methods of determining the capacities of bodies for caloric. 
The one confifts in mixing together equal quantities of different bodies at different — 
temperatures, and obferving the temperature of the mixture as foon as it becomes 
uniform. The capacities of the bodies are in this cafe inverfely, as the changes of — 
temperature. . The other method confifts in raifing the temperature of different 
bodies to the fame degree, enclofing equal quantities of them feparately in a fphere 
of ice, and collecting the quantity of water which is obtained from the thawing 
of the internal furface of the ice, while the body placed within it is cooled down ; 
to the temperature of 32°. The capacities in this cafe are dire@tly as the quan- 
tities of ice melted. The firft of thefe methods has been praétifed by Dr. Craw- 
ford. ‘The fecond was contrived by Lavoifier and ‘La Place. The ‘principles of 
both methods are explained with fingular perfpicuity and accuracy, by thefe two | 
celebrated academicians, in their valuable Memoire fur la Chaleur, publithed in the. 
volume of the Memaoires of the Royal Academy of Sciences at Paris, for 1780. 
The fame paper contains directions for reducing the fecond method to practice ; 
and directions for the firft are given by Dr. Crawford, in his Treatife on Animal 
Heat, and by Seguin, in the fifth volume of the Annales de Chimie.’ Po ; 

8. The /pecific calorie of the French chemifts expreffes the relative quantities of 
caloric contained in equal weights of different bodies, reduced to the fame tempe- ~ 
rature 5 or it means the whole quantity of caloric contained in a body, compared 
with the whole quantity contained in another body, having the fame weight, and 
the fame temperature. Dr. Crawford has ufed the term comparative beat, in the 
fame fenfe. : wy 0 

g. It is fill a queftion among chemifts, whether the whole quantities of caleric 
contained in equal weights of different bodies, having the fame temperature, be 
proportioned to the capacities of thefe bodies? It has been afcertained,’that in 
many chemical changes, caloric difappears, is abforbed, or becomes /atent ; while, 
in the converfe of thefe changes, precifely the fame quantity of caloric reappears, 
is evolved, becomes free or fenfible. Thus, when a pound of ice at 32°, is mixed 
with a pound of water at 167°, the ice is liquefied, but the temperature of the . 
mixture continues at 32°; that is, ice abforbs as much caloric in thawing, as would 
taife the temperature of an equal quantity of water 135°. In the fame manner, 
when water at 212°, is converted into fteam, the fteam abforbs as much calorie 
without having its temperature increafed by it, as would raife the temperature of 
an equal quantity of water 943°, if the water were not convertible, at that tem- 
perature, into team, But the capacity of fteam for caloric, is greater than the | 


Seguin. M. Pictet propofes to retain the expreffion of /pecific beat, which was — 
introduced by Lavoifier and La Place, in the fenfe in which Seguin has defined ca- 
pacity. But this language is in itfelf objeftionable, and is apt to be confounded 
with the term /pecific caloric, which has.a very different meaning. It is to be ob- 
ferved, that Dr. Crawford’s definition of capacity is either inapplicable to any — 
property of bodies which we are-able to meafure at prefent, or involves an inadmif- 
fible hypothefis; and is therefore to be rejected. We defines the capacity of a 
- body, to be that power in the body by which it colle&s and retains the abjolute 
beat; that is, the whole caloric of the body (page 7 and 8). But it is a mere : 
hypothefis, that the whole caloric of a body is proportioned to that property of 
the body which is meafured in Dr. Crawford’s experiments. = 9) “ 
M. de Luc’s definition of capacity differs both from that of Seguin and that ef 
Dr. Crawford. Tranflating his peculiar language on the fubject into that of the 
French chemifts, we fhould fay that he underftands, by the different capacities of 
bodies, the unequal quantities of caloric contained in equal fpaces, or in equal vo- 
lumes of different fubftances, having the fame temperature, (Idees fur la Metgo- 


rologie, tom. £. § 154, 162, 267). 
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capacity of water, and the capacity of water is greater than the capacity of ice, 
Confequently, more caloric will be neceflary, to give water the temperature of 
32°, than to give ice the temperature of 32°; and more will be required to give 
fteam the temperature of 212°, than to give water the temperature of 212°. It 
may then be queftioned, whether the whole caloric that difappears in the melting 
of ice, and in the converfion of water into fteam, has been abforbed by the wa- 
ter and fteam refpectively, in confequence of their change of capacity? Or, whe- 
ther fome part of it has not been chemically united with the water and fteam re- 
fpectively, in fuch a manner as not to affe& their temperatures? Dr. Crawford 
inclined to the former of thefe hypothefes; the French chemifts are difpofed to 
admit the latter. 

' 40. It is principally with the view of determining whether the fpecific caloric 
ef bodies be proportioned to their capacities, that the inquiry after the real zero, 
or point of total privation, has been purfued. It is taken for granted, in this in- 
quiry, that whenever caloric is‘abforbed or evolved by a fyftem of bodies, the 
quantity abforbed or evolved, has the fame ratio to the whole caloric exifting in 
the fyftem after the experiment is concluded, which the “difference between the 
former and prefent capacity of the fyftem has to its prefent capacity. An ex- 
ample will illuftrate the manner in which the real zero is calculated from thefe 
principles. When ice is converted into water, its capacity is increafed in the ra- 
tio of g to 10, according to Kirwan; and as much caloric is abforbed, according 
to La Place, as would be fufficient to raife the temperature of water 135°. Let us 
fuppofe that the whole of this abforption depends on the change of capacity in the 

* ice; ic will follow, that 1-1oth of the whole caloric contained in water at 32°, is 
' . fufficient to maintain the temperature of the water 135°; and, confequently, the 

remaining 9-10ths will be‘able to maintain its temperature, 135 9° == 1215°. 

That is, the whole caloric contained in water at 32°, is fufficient to communicate 

the temperature of 1350° to a body, having the fame capacity with water; and 

therefore the abfolute zero, or point of total privation, as determined by this cal 

_ sulation, is 1328° below o of Fahrenheit’s fcale. 

_» When we confider the expanfive power of caloric, and its confequent tendency 
to the ftate of equilibrium, it is evident that the real zero, or point of total pri- 

‘vation, muft be the fame in bodies of every kind; and the preceding calculation 
will therefore condué& us, in every inftance, to the fame point, provided the 
- principles on which it is founded are juft, and provided the necefflary experi- 

ments have been made with accuracy. | 

It is in this view, that the inquiry after the real zero, ferves to afcertain whe- 
dae. the hypothefis be true, that the fpecific caloric of bodies is proportioned to 
their capacities, For, if different experiments fhall, without exception, indicate 
the fame’point, a as the abfolute zero, it may be inferred that the hypothefis in 
queftion is juft; and, on the contrary, if the conclufions from different experi- 
ments fhall difagree, and if their differences be greater than what may be reafon- 
ably allowed for, on account of the difficulty of conducting experiments of fo 
great nicety, it may be inferred, that the fpecific caloric of bodies is not propor- 
tioned to their capacities; that the abforption and evolution of caloric, in different 

“proceffes, depend not entirely upon the changes of capacity in the fubftances em- 

ployed, but, re EL on the entrance of caloric into chemical combina- 

tion. —~ 
> “The eeperthaelan that wer been hitherto made, to sihedbain el var zero, are 
Not fufficiently numerous, nor fufficiently free from objections, to authorife either 
f the preceding conclufions, though they are infinitely more favourable tg the 
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latter than to the former. Seguin has given a fhort account of them in the sth 
volume of the! Annales de Chimie. Dr. Crawford has related his own experi- 
. ments-and thofe of M. Gadolin, and has given a mathematical demonftration of | 
the principle on which the inquiry is founded. La Place has given, as ufual, a very 
elegant and perfpicuous view of the queftion. See Crawford on Animal Heat, 
and the Memoire fur la Chaleur, par Lavoifier et La eyes in the volume of the 
Memoirs of the Academy of Sciences for 1780. 
tr. Dr. Crawford has publifhed, in the Appendix to hehe Treatife on. sake 
Heat, a table of the comparative beats of different fubftances. This table is con- 
ftructed on the fuppofition that the comparatiye heat, or {pecific caloric of a body, | 
is proportioned to its capacity. But that fuppofition being gratuitous, not to fay 
improbable, Dr. Crawford’s table of comparative heats, is nothing more than a 
table of capacities; and in that view, it is a valuable addition to the feieaiee of 
caloric. 
12, The facts curforily ftated in 9, iihebed the doctrine of datent bats poe 
as much caloric being evolved during the condenfation of fteam, and the congela- 
tion of water, as difappears during the formation of fteam, and the melting of | 
ice, the principle laid down by La Place, and referred to by Fourcroy, m an after 
part of the text, is confirmed by them; but the hypothefis of combined caloric, dex 
rives its plaufibility from a variety of fources. It is impoffible, in a fketch of this ~ 
kind, which is intended merely to explain the nomenclature of caloric, to give 
that fyftematic view of the fubje@, which its difficulty, and its importance de-: 
mand. A reference is therefore made to fome of the moft valuable works that re= 
late to the theory of combined caloric, ‘Thefe are, the different Memoires by Lavoi- 
fier, publithed in the Mémoires de [ Academie Royale des Sciences, particularly one 
De la Combinaifon de la Maticre des feu avec les Fluides Evaporables, et de la Forma 
tion des Fluides Elaftiques Acriformes, et une Memoire fur le Combuftion en General, 
both publifhed in the volume for 17773 Reflexions fur le Phlogiftique, in the volume 
for 17833 Une Memeire fur la Chaleur, par Lavoifier ef La Place, in the volume for 
37803 Elemens de Chimie, par Lavoifier, tranflated by Kerr; \JMethode de Nomens 
clature Chymique, par M4. M. Morveau, &c, tranflated by Dr. Pearfon; Les Ob- 
fervations des Chimiftes Francois, fur V Effai de M1, Kirwan, fur le. Phfogiftique, tr tran- 
flated by Nicholfon; Dr. Crawford’s work on dnimal Heat; two eflays by Se- 
guin, Sur la Calorique, publifhed in the 3d and sth volumes of the Annales de Chi~ 
mie; the firft part of M. Pictet’s E/fai fur le Feu; part of the article ir, in the 
chemical parts of the new Frenth Encyclopedia, by the celebrated Guiton, cidevant de 
Morveau ; fome obfervations which Berthollet has introduced into his excellent 
work, Sur la Teinture, tranflated by Dr. Hamilton; the article Few, in De Luc’s ~ 
ddees fur la Meteorshogie ; Differtations on Different Subjeéts in Natural Philofopby, and, — 
a Differtation on the Pbilofo phy 7 Light, Heat, and Fire, by Dr. Hutton of Edin 5 
burgh. ea 
b An obfervation made by M. Humboldt might lead to ufeful i inquiries on the 
{ubject of etiolation. He found that feveral of the clafs cryptogamia, fuch as the - 
lichen verticellatus, pufh out green ftalks, though placed in mines, where the light ; 
has no accefs to them; and that feveral of the gramina, the poa annua and trefom 
lium arvenfe in particular, have green leaves, when growing in the galleries of cer- 
tain mines, at the depth of 60 toifes below the furface of the earth. Examining , 
the air in thefe fituations, he found that it was.mingled with hydrogenous gas; 
(Journal. de Phyfique for 1792.) It would feem, from’ this cafual obfervation, 
‘ that the prefence of hydrogenaus gas compenfates, to.a certain extent, in vegetas 
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tion, for the abfence of light. M. Ingenhoufz has alfo remarked, tnat when hy- 
drogenous gas is mingled with the air in which bea er grow, the verdure of 
the latter acquires a much deeper thade. 

_M. Humboldt mentions, in a fubfequent letter to M. Crell, that he has had fre- 
quent opportunities of confirming the truth of the obfervations related in his for- 
mer Jetter, and that he had difcovered another fpecies of lichen in the mines at 
Marienburg, which had ramifications of a bright green colour. He had alfo 
found, that the cheiranthus incanus, and cheiranthus cheiri, placed in certain circum- 
ftances, pufh out green leaves, without the prefence of light. He imputes thefe 
fingular phenomena to the hydrogenous gas uniting with the excefs of oxygen, 
which he fuppofes to be prefent in etiolated plants, and to be the immediate caufe 
of their etiolation. (Journal de Phyfique, Part 2d, for 1793 ) 

_ © So far from caloric adding to the weight of bodies, it would appear, from an: 
experiment very accurately related by Dr. Fordyce, that caloric diminifhes the 
weight of the bodies into which it enters, as /atent caloric. It was found in this 
experiment, that 1700 grains of water acquired by freezing the additional weight 
of very nearly 1-16th part of a grain. The water and ice were both weighed at 
the temperature of 32°. (Philofophical Tranfactions, 2d Part, for 1785). This 
experiment has been confirmed, in a very fatisfactory manner, by Sir Benjamin 
Thompfon. Water was counterpoifed with fpirit of wine, and the apparatus was 
_ then placed in a low temperature, where the water was frozen, while the fpirit of 
_ wine remained liquid. The water, as in Dr. Fordyce’s experiment, became hea- 
vier, in confequence of its converfion into ice, 

_ It is proper at the fame time to ftate, that, in a fimilar experiment, L svoifier 
found no difference between the weight of the ice and water. The quantity of . 
_ water which he made nfe of in this experiment was one pound, and it weighed 
precifely as much before as it did after it was frozen. The balance he employed 
was fenfible to the difference of 1-1oth of a grain, when loaded with 18 or 20 
ounces. (Memoires de ]’Academie de Sciences, 1783, page 419.) 

. An attempt has been lately made by Dr, Higgins, to afcertain whether the ca- 
_ lorie ensitted during the flaking of lime produces any fenfible difference in the 
_ weight of the materials employed; but the experiment failed. (Minutes of the 
. Society for Philofephical Experiments and Converfations, page 220.) 

* d Since Jatent caloric appears, from Dr. Fordyce’s experiment, to diminifh the 
gravity of bodies, there is reafon to inquire whether free caloric has not a greater 
tendency to afcend than to defcend. M. Pictet has made ieveral experiments to 

_afcertain this point. A cylindrical bar of copper was placed vertically within a 
_ glafs tube, which was afterwards exhaufted of air, by means of the air-pump. 
_ The concentrated rays of the fun were thrown upon the middle of the cylinder 
and the fucceflive dilatations of two mercurial thermometers, cofinected with its 
two extremities, were carefully obferved. It was found, that, in the fame times 
the mercury in the upper therm®meter rofe to a greater height than in the under 
one; and, after the light was withdrawn, the under thermometer funk fafter than 
the upper one. “Effai fur le Feu, chap. 2d, 

eM. pitas has publifhed fome aie on the caloric produced by fric- 
tion, 

_ He had eaaihed that the caloric dave by fri@tion was obtained from a 
Tick mntenl decompofition of the air between the rubbing furfaces; but he found 
_ that the fame degree of friction raifed the thermometer fomewhat higher in vacuo 
than in the open air. ‘This difference was no doubt occafioned by the greater 

conducting power and greater capacity of the-air than of the vacuum but itil 
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the experiment fhowed that his firft conje@ure had been unfounded. In his fub- — 
fequent experiments, it appeared that more caloric was evolved by the friction of 
foft bodies againft his frilion-machine than when hard bodies were employed; 
and the friction of a {mall quantity of cotton upon the bulb of his thermometer, — 
‘increafes the effect moft remarkably. (Effai fur le Feu, chapitre gieme).6 99% 

f The diffufion of caloric among a fyftem of bodies feems to depend on two 
absiou ; on their refpective capacities for ‘caloric, and on their ref{pective condu@ 
ing powers. M. Pictet has illuftrated the manner in which thefe caufes co-ope= 
rate, with fingular perfpicuity. Ic is impoflible to place the hii ina ewe 
point of view than by a free tranflation from his work. 

Let us fuppofe a focus, from which flows a conflant and uniform Sitar of ca- 
loric ; and let us place at equal di ftances from this focus and conneéted with it 
by the fame medium, a number of bodies, having the fame nature, and the farne 
magnitude. ‘Thefe bodies will be filled with caloric in the fame manner, their 
temperatures will rife by fimilar gradations, and will ceafe to rife, when the calo- 
ric they contain fhall have acquired an expanfive power fufficient to refift the in- 
troduction of more caloric from the focus. But let us place at equal diftanceg” 
from the fame focus, a number of bodies, having the fame weight, and differing 
in their nature, fuch as a pound of water, a pound of glafs, a pound of mercury, 
&c. Thefe bodies will be filled with caloric as the former bodies were, and they 
will arrive at length at the fame common temperature, but in different times, and 
by diffimilar gradations. This difference will depend on the combination of two 
caufes. The one is, the different permeability of the bodies to caloric, or their dif. 
ferent conducting powers, in confequence of which caloric will take a longer or 
fhorter time to penetrate their fub{tance. The other is, the different capacities of 
the bodies for caloric, in confequence of which they will require unequal quanti- 
ties of free caloric to arrive at the fame common temperature ; that is, to the flate 
in which the free caloric of the whole fyftem of bodies tends to expand itfelf with 
the fame force. 

I. We have little accurate information refpecting the permeability of bodies to 
caloric. We owe to Dr, Franklin the obfervation, that the non-condu@ors of ‘¢ 
eleGtricity are alfo bad conductors of caloric, and that the beft conductors of elec- 
tricity are alfo excellent conductors of caloric. We have examples of this analogy 
between the electric fluid and caloric, in metals upon the one hand, and i in glafs 
and refinous fubftances on the other. But this rule is liable to- many exceptions. 
‘The common torricellian vacuum affords a ready paflage to the electric fluid; but 
_ Sir B. Thompfon found, that it was lefs permeable to caloric than atmofpheric 
_air, which itfelf is a very bad conductor of caloric.. Sulphur and oils, which are 


non-conductors of electricity, are reprefented by Humboldt as arHOnE the beft con- 
ductors of caloric, 


# 


In order to conftrud a table of the permeability of bodies to caloric, it a . 
be neceflary to know the times during which equal weights of different bodies 
acquire the fame increafe of temperature, when expofed to équal calorific caufes, 
or fuftain the fame lofs of temperature, when expofed to equal cooling caufes. 
It would be alfo neceffary to know the capacities of the bodies for caloric. The 
conducting powers would be directly as the capacities, and inverfely as the times, 
when the changes of temperature were equal. But in the attempts that have 
been hitherto made to calculate. the permeability of bodies to caloric, the confi- 
deration of their capacities has been uniformly neglected; and i in many of Sir B. 
‘Thompfon’ s experiments, unequal weights of different fubftances were ufed, and 
80 attention afterwards yee to this difference in cal nang ‘the conduéting 
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powers. He makes, for example, the conducting power of mercury : conducting 
power of water :: 1000: 313; but in the experiments from which this eftimate 
is taken, he. had ufed equal volumes of the water and mercury, and confequently 
had communicated the fame increafe of temperature to» more than 13 times as 
much matter in the one experiment as in the other. 

The following table of the conducting powers of different fubftances is taken 
from the Fournal de Phyfique, for October 1793. It is there given as the tranfla- 
tion from the German of an effay by Humboldt, on the Conduting Powers of 
different Bodies for Caloric, From the fhort account prefixed to it in the Journal 
de Phyfiqué, it would appear to be defective in this refpect, that the conducting 
powers of the fubftances which it contains have been calculated without regard to 
the differences of their capacities ; but as it is the lateft and moft comprehenfive 
table of the kind, it has been thought the moft proper for infertion. It is necef+ 
fary to mention, that the conducting powers given in the table refer ta the fame 
volumes, and not to the fame weights of the fubftances enumerated. 


TABLE OF CONDUCTING POWERS, 


Coding Bic, SA Ging atari 
Torricellian vacuum - 0.1760 Sir B. Thompfon. (Pdil. 
Atmofpheric air, denfity-=1 0.0012 0.2550 Thefame.  [Tran/- 1786.) 
Rarefied air, denfity = 1-24th 0.2499 The fame. 

Wood afhes - - 1.5560 0.7072 Humboldt. 
Sulphuric acid = 1.7000 0.7764 

Ruft of iron - - _ 4.5000 0.8889 

Copper - - 8.5760 0.8970 Richmann. (Comment. Acad. 
Tron - - 7.8076 0.9430 Petropol. 175%.) 

Brafs - - 8.2960 0.9430 
Cow’s milk - 1.0300 0.9727. Humboldt. 

Vinegar . - I.0lI9g) 0.9900 Mayer. (On the Laws and 
Water - - 1.0@00 1.0000 Modifications of Caloric.) 
Gold - - 19.0400 1.0504 Humboldt. ; 
Moitft air - “ 1.0543 Thompfon. 

Nitrous acid - - 1.5800 1.0989 Humboldt. 

_ Silver - > Io.oolo 1.2195 
~ ‘Muriatic acid - - 1.1500 1.2787 

Calcareous carth . 2.8570 1.3674 

Olive oil - - 0.9130 1.5472 

Tin - - 7:2919 1.5410 Richmann. 

‘Zine ‘ie - 68620 1.5455 Humboldt. 

Oxyd of lead - 8.9400 1.6474 

Antimony - - 6.8600 1.6952 

Alcohol . - 


0.8150 2.0379 
0.9280 2.0412 
: 1.5000 2.4003 Humboldt, 
Mercury “ - 33.5800 3.9700 Mayer. 
Lead - - 11.4459 0.3138 Richmann. 
Bifmuth - - 9:2610 2.3584 Humboldt. 


Lintfeed oil . - a 
Pitcoal a - 


Bffence of turpentine 0.7920 2.6752 
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joe Specifie Conducting OR eS 

 Neaamehig Media. fe Bede» gpegt lib y Authorities. wanes 
Sulphur - - 1.8000 3.0358 Humboldt. a oneded 
Tee esi : teensy grin OegEGo) jLetg0 so 


* Mercury ~ + 13.5800 3.1948 Thompfon. 


AL The capacities of bodies for caloric have been fuccefsfully iaveltigatad, by a 
variety of chemifts. The following table exhibits the principal conclufions refult- 
ing from thefe experiments. But it is neceffary, in the firft place, to explain what. 
is meant by the permanence of the capacities of bodies for caloric. 

The capacity of a body for caloric is faid to be permanent, while the fame. quan- 
tity of caloric that has raifed its temperature any given number of degrees, contie 
nues to be fufficient to raife its temperature an equal number of degrees. The 
capacity of a body for caloric is faid, on+he contrary, to increafe, when more ca- 
loric is required to raife it a certain number of degrees than was required to raife 
it an equal number of degrees, when it had a different temperature; and the ca- 
pacity is faid to decreafe, when lefs caloric is required for that purpofe. Dr. 
Crawford has made a variety of experiments on this fubject, He found that the 
capacity of water is permanent from the freezing to the boiling point; and after- 
wards, making ufe of water as a ftandard, he tried fimilar experiments with moft 
of the metals and metallic oxyds. The general refult of thefe experiments tended 
to prove, that the capacities of bodies, while they retain the fame form, are not 
liable to be varied by a change of temperature. This conclufion is corroborated 
by the uniformity of the law which bodies obferve in parting with caloric, when 


x 


they are placed in a temperature inferior to their own. ‘This law, firft inveftigat- 


ed by Sir Ifaac Newton, and fince corrected and tried experimentally by Martine 
and Mufichenbrock, fhows, from its application to the cooling of different bodies, 


that the capacities of thefe bodies are either permanent, or, if they change, that 


the changes are precifely fimilar in all of them. 
But thefe experiments embrace only a fmall number of natural bodies; and Dr. 
Crawford’s in particular were neceflarily confined to a mere point in the feale of 


temperature. -It is, therefore, departing from the ftrigtnefs of induction to ¢on- . 


clude, as Dr. Crawford has done (p. 65.), that the capacities of a// hodies are per= 
manent at «// temperatures, provided they do not'change their form. We have, 
indeed, the moft complete proof that this principle is not to be received without 
many limitations. The capacity of air is increafed by mechanically expanding it, 


and diminifhed by mechanically condenfing it. (Pictet fur le Feu, § 16. and Dar- | 


win’s Frigoric Experiments on the Mechanical Expanfion of Air, Philofopbical 
Tranfactions for 1788.) Mr. Wedgwood’s clay thermometer has its capacity for 
caloric diminifhed one-third, when burnt to 120° of his fcale; and as it lofes in 
weight, during this operation, little more than two grains on a pound, while its 


volume is reduced one-half, the diminution of capacity muft be attributed toits 


condenfation. ‘Thefe facts prove decifively that the capacity of a body may be 


changed without any change of form; and the free caloric evolyed from fo many 


bodies by friction and attrition, while its production is illuftrated by thefe obfer- 


vations, ferves at the fame time to multiply the examples of a change in the capa~_ 


city of bodies without a change in their form. (Mr. J. Wedgwood’s Paper on 
the Light produced by Attrition, Philofophical Tranfactiions for 1792.) It is pros 


* This eftimate of the conducting power of mercury is not in Humboldt’s table, 
but is calculated from Sir B. Thompfon’s experiments. It is Bejearn et & to ia 
/ out how much it differs from Mayer’s eftimate. - 
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per to mention, that-Lavoifier and La Place, in their AZemoires fur les Chaleur, had 
called in queftion, upon very plaufible grounds, the fuppofed permanence of the 
~capacities. Reafoning from the known effects of fufion and evaporation upon the 
capacities, they fuggefted, as extremely probable, that-the capacities would alfo 
. vary with the degree, of dilatation, and poflibly according to a different law for 
every different body. Subfequent obfervations feem to juftify their conjecture 


hs eves to sd bodies at leaft. 

* rite TABLE OF CAPACITIES, 
Hydrogen gas een 21.4000 : 
Oxygen gas Dinar 4:7499 
Atmofpheric air =. 1.79€0 
Steam or aqueous vapour > I.5500 
Carbonic acid gas - 1.0454 
Arterial blood . 3.0300 
Water - haa 1.0000 
Cows milk - ~ 9999 
Venous blood - ) 8928 
Azotic gas - - 7936 
Hide of an ox with the hair - -7879 
Lungs of a fheep . - -7690 
Mufcular ficfh of an ox . - -7409 
Alcohol ~ - 6025 
Rice - - 5060 
Horfe beans - -5020 
Spermaceti oil ~ - «5000 

_ Fruit of the pine tree - .5000 
Peafe - : 4920 
Wheat - - 4779 
Barley - - 4210 
Oats. “gay ° 4160 
Sulphuric acid - - 4290 
Pitcoal - - 297% 
ag - . 2631 

. ~ 2564 
pee of iron - - 2500 

- Washed diaphoretic antimony 122% 
Oxyd of copper nearly freed from air 2272 

eich “9 - 12229 
C 8 - ~ . 1923 

 Afhes of pitcoal - 1855 
Ruft of iron nearly freed from air 1666 

Wathed diaphoretic antimony do. 1666. 
Ashes of elm wood - 1402 
Oxyd of zinc nearly freed from air 1369 | 
Iron - ~ 1269 
Brafs - - - 1123 
Copper - III 

_ White oxyd of tin almoft free of air 0990 
Zinc r eet ak 2943 


Atborities. 
Crawford, 
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Bithe'wishdess ee {sl lll 094% Authorities. 
Athes of ckaateal; = ee Mea 0909 Crawford. — 
nator ina eeauea ir a atucdivoladtn te it Me 
Yellow ais of lead almoft free of air - 0680 > © 
Antimony sss - ' ~ 0645 
Fiead 92 Woe ie ais bo ~ 6352 4 ee 
Snow - - - 9000 Magellan. 
Ace - ° mia ~ 9160 Humboldt. 
Bar-iron - iad Cale bes oh OLAS 1099  Lawvoifier and. 
Rock-cryftal ~ ” . | 1929 ~=— La Place. 
Mercury - - Ot RO Ue lee eee 
Quicklime on - - 2168 
Mixture of 9 parts of water with 16 of quicklime 4391 
Sulphuric acid, having the fp. gr. of 1.87 : 3345 
Mixture of 4 parts of this acid with 3 parts of water 603% 
Mixture of 4 parts of the fame acid with 5 of water 6631 
Nitric acid, having the fp. gr. of 1.29895 6613 
Mixture of 9% of this acid with 1 of quicklime 6139 
Mixture of 1 part of” the nitrat of potath with 8 

parts of water ~ - | B16y _ 
Sulphor oa" - - 1830 ©=©=- Kirwan. 
Lintfeed oil mS! eo - -§ 280 
Cryftallized muriat of foda - - 226 ©~=©= Gadolin, 
Saturated folution of muriat of foda in water (con- at 

taining 372 parts of the falt to 1000 parts of water) 793 


§ Dr. Hutton of Edinburgh, has lately pointed out a new principle in the ac- 
tion of light, confidered as a power influencing the temperature of bodies; and 
has applied this principle’ to the explanation of various phenomena, (Differtation 
on the Philofophy of Light, Heat, and Fire, 1794): The eae is a Moth 
abftract of his fpeculations upon that fubjed. . 

1. He obferves, that the efficacy of the different fpecies of light, in raifin ‘the 
temperature of bodies, is not proportioned to their action upon the fenfe of vi- 
fion. ‘The influence of the red light, from a fire of coals, and of the white light, 

_ from flame, upon the thermometer, were compared together, when the intenfity 
of their aGtion upon’the organ of fight, was apparently the fame, it was, found 
that the effect of the red light upon the inftrument, was Prec ge greater 
than that of the white light. . 

2. When bodies are héated to Kntahdetoet they” emit. light, i in which ‘the 
white er compound fpecies prevails; but, as their temperature diminithes, .the 
light gradually becomes of the red. Apecies. It would appear, from this obferva- 
tion, that the light emitted from ‘bodies, while they pafs from the fate” of ‘ine 
eandefcence, to the common temperature of the atmofphere, has its power of. he 
citing vifion cn in a greater ratio, ‘that its power of Soe ona . 
yature. ~ : fo ; 

3. When the light emitted from a body, ceafes to be viftble, we are not. to con- 
clude that the body ceafés to radiate light. ‘The fact proves no more, but that 
the light radiated, is unable to excite our fenfe of vifion. ‘This lighit emitted 
from bodies, without aifedide fenfibly the or Digan’ of fight, i is ales bs Dr. * Hut~ 
ton, ol/eure or inv ifible light. is 

4. We have feen that the light emitted from bodies, as they pafs from the fate 


& 
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of incandefcence to the common temperature of the atmofphere, has its power of 
exciting vifion diminifhed in a grater ratio, than its power of influencing tem- 
“perature. It may therefore happen, that our obfcure or invifible light fhall ftill 
retain the power of fenfibly influencing temperature; and this fufpicion will be 
confirmed, if we find that a fubftance exhibiting the diftin@tive properties of light 
48 radiated from a body of elevated temperature, but not luminous; and if we 
‘find that this radiated fubftance is capable of raifing the thermometer. But this 
is precifely what happens in the experiments made by Sauffure and Piet. Two 
oncave mitrors are placed oppofite to one another, at the diftance of many feet, 
the bulb of a thermometer ‘is in the focus of the one, and a glafs matrafs, filled 
‘with boiling water, or an iron bullet, heated fo as to be juft not vifible in the 
dark, is placed in the focus of the other. A fubftance is radiated from the ma- 
_‘trafs or iron bullet; it-paffes with incalculable velocity through the air; is re- 
fle&ted from the mirrors, and concentrated according to the laws of light; and 
then influences the thermometer placed in the focus, according to the degree of 
its concentration. 

§. It is fuppofed by Sauffure and Pictet, that the fubftance radiated in thefe 
‘experiments, is not any fpecies of light, but what Lambert and Sauffure calls cha- 
tenr obfture ; that is, caloric unaccompanied with light *. But the properties of 
this radiation, its velocity and reflexibility, identify it with light, while they are 
inconfiftent with the flow diffufion of caloric, and with the known difpofition of 
caloric to be arrefted by the bodies through which it paffes, or with which it 
tomes into contact. An experiment made by M. Pidtet, § 54, ferves to confirm 
this reafoning. He blackened the bulb of his thermometer, and found that it was 
then more fpeedily influenced by the radiation than before, and that it rofe toa 
greater height. But it is notorious, that black furfaces abforb light more power- 
fully than white furfaces do, and have their temperature more confiderably af- 
fected by it. 

"6. It may be urged, in objection to this conclufion, that if we fuppofe the ther- 
mometer dilated by the reflected and concentrated light, why fhould not that 
fight’Be rendered vifible by the concentration? Dr, Hutton conceives that, fince 
_ the peculiar efficacy of this light, in affecting the temperature of bodies, muft' de- 
pend on its greater aptitude to combine with them, this fame difpofition for com- 
bination, will difqualify it from appearing as light. At the fame time, he leaves 
to expérimentalifts to determine how far this fpecies of light, after having once 
difappeared to our fenfes, is incapable of becoming again vifible ; unlefs the tempe- 
rature of the body with which it has combined, be raifed to the degree of incan. 
defeence, in which cafe it may poflibly be emitted from the body, as vifible light. 

* 9. Taking it for granted that the emanation which affects the thermometer in 
thefe experiments, is invifible light; we learn, from the fame experiments, com- 
pared with others made by.Marriotte and Schecle, that this invifible fpecies of 
light is much abforbed in paffing through a glafs lens, while it is but little dimi- 
nifhed, in being reflected by a metallic furface. 

8. Dr. Hutton afterwards proceeds to analyfe Mr. Pictet’s curious experiment 
of apparently reflected cold; Pictet fur le Feu, § 69, 71.; Hutton’s Philofophy 
of Light, &e. page 67, roo. It will be unneceffary to abridge this part of his 


* Dr. Hutton affedts to confider the expreffion of chaleur obfcure, as cither unin~ 
telligible, or manifeftly inapplicable to the emanation in queition; but ir is plain 
that Sauffure underftands by that term, caloric unaccompanied with light, in con- 
tradiftinction tocbaleur luminege, caloric accompanied with light, / 
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work; for, although his obfervations on the phenomena of that fingular experi- ; 
ment appear to be exceedingly juft, and his doubts refpedting the courfe of the rax 
diation to be founded on the moft folid grounds, yet he has left the fubject in a ftate 
of confeffed uncertainty ; having merely pointed it ih without having pecteianee 
any of the experiments neceffary for its elucidation. » 

9. In the courfe of his obfervations on this experiment, he is led to ovals an 
hypothefis refpecting invifible light, with the account of which we fhall conclude 
the prefent article. He fuppofes that bodies are conftantly radiating invifible light, 
in proportion to their temperatures; and that this invifible light falling upon 
other bodies, raifes their temperature, or is reflected by them, according to their 
refpective natures. At the fame time, the fenfible heat of bodies (the free calo- 
ric) is always tending to equilibrium, according to the laws of its diffufion, and 
in confequence of the mechanical operation of the elaftic fluids conveying it from 
place to place. From the combination of thefe caufes, the temperature of bodies 

is always tending, on the one hand, to equality; and this perfect equality is, on 
- the other hand, prevented from aétually taking place, by the different difpofi- 
tions of bodies to abforb invifible light, and to have their temperatures affe@ted - 
by it. Dr. Hutton applied this theory to explain M. Pidtet’s experiment, and at 
the fame time fuggefts an experiment, by which he conceives the truth of his ows: 
theory may be confirmed, or its fallacy difcovered, It may be worth while te 
add, that M. Prevoft of Geneva, has publifhed fome fpeculations, extremely ana~ 
logous, in many refpects, to Dr. Hutton’s views upon this fubje& ; with this dif- 
ference, that what Dr. Hutton calls invifible light, M. Prevoft, conformably to 
Sauffure’s opinion, terms chaleur rayounante. Recherches Phylico-Mechaniques 
fur la Chaleur, 1792. 

h {tis impoffible for chemifts, in the prefent ftate of their fcience, to ei 
whether the light emitted during combutftion, be derived principally from the com-" 
buftible body, or from the oxygenous gas? For it feems improper to derive it ex- 
clufively from either, when there is reafon to believe that it enters into the com- 
pofition of both. ’ 

It muft be confeffed, indeed, that the evidence for light being a conflitnent,. art 
of oxygenous gas, is far from being unexceptionable. The principal argument is 
taken from the fingular influence of light, in feparating oxygen from its combina- 
tions, and making it affume the ftate of oxygenous gas. Light difengages oxyge~ 
nous gasfrom the nitric acid, from the oxygenated muriatic acid, and from the 
oxyds of feveral metals. But in thefe, and many fimilar inftances, does the light fe 
combine with the oxygenous gas! ? Or, does it unite with the fubftance_ from 
which the oxygen is feparated? There is no faét in chemiftry that will enable us 
to decide between thefe two hypothefes; and thofe chemifts who, with Fourcroy, 
regard light and caloric as two fubftances effentially different, have abfolutely.. ne . 
reafon for inclining to the one hypothefis, in preference to the other. m 

The exiftence of light, as a conftituent part of combuftible bodies, is ree in 
the moft fatisfactory manner, by the experiments of Deiman, Pacts, Van Trootf- 
wyck, &c.; Recherches Phyfico-Chymiques. Thefe chemifts expofed a mixture 
of fulphur and zinc to a high temperature, without any fubftance. being prefent, i 
from which they could derive oxygen. At the inftant when the fulphur and zinc 
formed a fulphure, there was a vivid emiflion of light’; and when the materials 
were afterwards examined, it was found that no oxydation had taken place. ‘This 
experiment fucceeds with other metals, befides zinc; fuch as copper, tin, lead, 
and faintly with iron. It has been tried with equal fuccefs in vacuo, above 1 mer 
cury, and in hydregenous, azotic, and carbonic acid gaffes. ~ . a 
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_ It has been for a long time a defideratum in chemiftry, to pofiefs a method of 
meefuring the quantity of light emitted from bodies in the ftate of combination. 
Count Rumford has publifhed in the Philofophical Tranfactions for 1794, the de- 
fcription of a very jimple inftrument, which he has contrived for this purpofe. 
. The following are the principal refults of his experiments with this inftrument, or 
photometer. 

é tranfparency of air is fo great, that the diminution which light fuffers in 
pafling through 16 or £8 feet of air, is not perceptible with this inftrument. 

Somewhat lefs than 2-roths of a beam of light are loft in pafling through a 
pane of fine, clear, tranfparent, well polifhed glafs, fuch as is commonly made 
ufe of in the conftruction of looking glaffles; fomewhat more than 3-1oths are loft 
in pafling through two panes of fuch glafs; and about 12-100ths, in pafligg through 
a pane of thin colourlefs window glafs. ‘The light fell perpendicularly upon the 
glafs in thefe experiments; but the lofs was very little greater in oblique inci- 
dences, provided the angle of incidence did not exceed 40° or 50°. 

Somewhat more than r-3d of a beam of light was loft by reflection from a very 
excellent glafs mirror; and about 46-100ths, from a common looking glafs. The 
angle of incidence was 45°, and the refult was not fenfibly affected by aacreatins 
the angle to 85°. 

Count Rumford has collected, in the following table, the refults of his experi- 
ments on combuftion. It is to be obferved that each of the undermentioned ar- 
ticles is fuppofed to afford the fame quantity of light; the table denoting how 
much of each muft be employed for that purpofe. 


Equal parts 


in wei cht. 


Bees wax. A good wax candle, kept well {nuffed, and burning 


with a clear bright flame, - - 100 
Tallow. A good tallow candle, kept well fnuffed, and burning 
. with a bright flame, - - 108 
The fame tallow candle, burning very dim, for want : 
of {nuffing, . - - 229 
Olive oil. © Burned in Argand’s lamp, . : 119 
i. The fame burned in a common lamp, with a clear 
bright flame, without fmoke, - - 129 
oil, | Burned in the fame manner, ° - 125 
Lintfeed oil. Likewife burned in the fame manner, - - 100 


Wuc .2 
Count Rumford concludes his Paper with an account of fome experiments on 
the tranfparency of flame; from which it appears that light fuftains no fenfible 
diminution, in confequence of pafling fucceflively through the flames of feveral 
candles. 
___ & Fourcroy is not correc in faying that all mineral fubftances are dilated by - 
- ¢aloric. The minerals that contain a large proportion of aluminous earth, afford. 
a ftriking exception to the general rule. The phenomena which attend the ex-. 
pofure of thefe fubftances to intenfe fires, are defcribed minutely by Mr. Wedg- 
wood. Philofophical Tranfactions, Part II. for 1786. 
k The conftru@ion of Muffchenbrock’s pyrometer is defcribed in his Tranfation 
of the Experiments of the Academy del Cimento, Leyden, 1731, and in Defagulier’s 
Experimental Philofophy, vol. £. p. 4213 and a pyrometer of a new conftruction,, 


2 
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by which the expanfion of metals, in boiling liquids, may be examined and com- 
pared with Fahrenheit's thermometers, is defcribed in Mujfchenb. Introd, ad Pile 
Sipe Natural. 4to, 1762, vol. 2. p. 610. 

Mr. Ellicott’s improved pyrometer is defcribed in the Philofo pbical Cranfactions 
No. 4433 Mr. Smeaton’s pyrometer, in the 48th volume ; De Luc’s, in the 68th 
volume; and Mr. Ramfden’s, in the 65th volume, p. 461, of the fame works, 
Mr. Fergufon has alfo contrived a pyrometery which is defcribed in the Bagi: 
ment to his Lectures on Mechanics. 

1 The diminution of temperature produced by: colpmeiion had best. obferved 
by Mairan ° (Differtation fur la Glace, edition of 1749), and accurately defcribed 
by Richmann (Nova Comm: Acad. Petropolit. ad ann. 1747 and 1748, page 284) 5 
but was firft referred to its proper caufe by Dr: Cullen, Effay on the Cold pros. 
duced by evaporating Fluids. 

‘In the 78th volume of the Philofophical Tranfactions, Dr. Sereate has seleed 
feveral experiments, to prove that a diminution of temperature takes place. when. 
the air is mechanically expanded; and converfely, that the temperature. rifes 
when the air is condenfed. He has applied this do@trine with great ingenuity to 
explain a variety of curious phenomena. Dr. Cullen had obferved that a ther- 
mometer fufpended i in the receiver of an air pump, finks always two or three des 
grees, while the air is exhautted. 

m The attention of chemifts was for fome time dla svar fect the’ Kppethete of J Macs 
quer to the very ingenious defence of the dodtrine of. phlogifton by Mr. Kirwan; 
According to this philofopher, phlogifton, ot the inflammable principle, may exift 
in two different ftates ; 1ft, Combined, as in all bodies fufceptible of combuftion. 
adly,. Free and ifolated, as in inflammable air. Befides the evolution of light and 
heat, combuftion, therefore, is fuppofed to confift in the union of this inflamma- 
ble principle with oxygenous gas, and in the confequent generation of carboni¢ 
acid. A full account of this hypothefis, which the author has fince fo candidly 
retracted, may be feen in the Jaft edition of Kirwan’s Effay on Phiogifton, a work 
which, in addition to the original matter of the:author, contains fome very inte. 
refting notes by M. M. Morveau, Lavoifier, De la Place, i Berthollet, and 
Fourcroy. 

The hypothefis of Macquershas of late been revived weil dence flight alterae 
tions by Richter, Gren, Lichtenberg, and others in Germany. — Phlogifton,, or 
the inflammable principle, according to the firft of thefe chemifts, is merely thé 
bafis of light united to combuttible bodies, In combutftion, this bafis is difengaged, 
and, uniting with a portion of caleric, produces the light or flame which tfually: 
accompanies that procefs. ‘The combuftion of any inflammable fubftance, phof | 
phorus for inftance, is, therefore, to be confidered as the effec of a‘double affinity. | 
The bafe of the oxygenous gas, unites with the phofphorus to form phofphorié 
acid, while a portion of the caloric, difengaged from ‘this .gas, unites with the — 
phlogifton, or bafis of light, to produce flame. ag bate 

The varieties which occur ‘in the quantity’of light emitted “by different: bodies, 
and in the colours which it exhibits, are fuppofed to depend « on the quantity of 
phlogifton contained in thefe bodies, and.on the proportions: in which it is united 
to caloric. See Critique des Antiphlogifchen Syftemes von F. B. Richter, 8: 48 Prefs= 
lau, 1793. Syflematiches Handbuck des Chemie! won A, Al, Gren. nye ‘iia ie nig 
} — 1794. 

* Dr. Hutton of Edinburgh teks niiblitned: anew snodification of eis , phlogiftie 
doctrine, together with feveral objeCtions to the French theory of combuftion, 
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is ie hore 3 aad om of hie grind cola upon “thefe fub- 


-; which becomes free by combuftion, did not previoufly exift as_ 
i in the oxygenous gas confumed, or in the combuftible body. 
immediate effea& of combuftion is the difengagement of light, and this 

oduces free caloric, by its action, in the bodies upon which it is incident. 
o uf ‘Hutton’s own language, “ it is not heat which is the caufe of ne in 
fire , but it is the light of fire which is then the caufe of heat.” 

‘The light which is difengaged during combuttion, previoufly exifted in the. 

urning body in the ftate of phlogifton. This phlogifton isa peculiar modifica- 
tn of the folar fubftance, exifting in combuftible bodies, and diftin@ from any 
eeeneition of ‘heat. It neither adds to the weight of bodies, nor does it feem, 
latent caloric, to. impair their weight. It communicates ductility and fplendor 
to the metals. It is fcparated from its union with gravitating matter during com- 
and appears i in the form of light. It is formed in plants during the pro- 
sof vegetation, and may be transferred from one body to another. See Differ 
on Different Subje&s in Natural Philofophy, and Differtation upon the Philofophy 
of Light, Heat,and Fire, by James Hutton, M. D. 
It would be an endlefs, as well as ufelefs tafk, to enumerate all the different mo- 

_ Gifications of phlogifion which have been propofed by the partizans ef that docs 
~ trine, fince Lavoifier firft ventured to queftion its exiftence. ‘Thofe readers who — 
will take the trouble to perufe all the different writings on this controverfy, will 

ediately perceive that no twa chemifts are agreed with regard (o the precife 
‘ ; and properties of this principle, and that it is merely for the name, and not 
— for a thing, that phlogiftians now fo eagerly and fo obftinately contend. 

saad d be eafy to ijluftrate the truth of this remark, by a reference to the 
Ww oof Pricftley, Kirwan, Wiegleb, La Methrie, Macquer, Richter, Gren, 
io &c. ; but this reference is unneceflary. Stahl is univerfally allowed to have 
Py n ignorant of the principal phenomenon that occurs in every inftance of com- 
_ buftion ; and does it not feem ftrange, that,we fhould adhere tenacioufly to the 
or} oer he invented to explain that procefs, that we fhould ftill continue to 
wu é language of a fyftem now fo avowedly defective? 

‘The theory of Lavoifier, if we may give to it that name, is merely a fimple re- 
# sae f fatts. Unable to difcoyer the fource from which the light is derived in 

rf ion, that philofopher, in his Elements of Chemiftry, has taken care not to 
. ny hyp fis concerning it, with the facts ‘he had fully afcertained by expe- 
| ether future difcoveries fhall fhow, that heat and light are modifica- 
Re fame fubftance, or that they are effentially different from each other ; 
~wheth the whole of the light difengaged in conibuilion, fhall be found*to come 
the enous gas, or from the combuttible body, or partly from both, the 
of combufion, as eftablifhed by Lavoifier, will remain unaiterably the fame. 

soveries with regard to the origin and nature of light, can only tend to widen 
reng ngthes its bafis, 

et: is not quite fo efraGpry t in the fire, as reprefented i Four- | 
“ exoy. Va rT r placed « a {mall piece of it within red hot charcoal, and expofed it . 
iv a ftreain of oxygenous gas. The rock-cryflal cratkled and fplit, its angles 

a little blunted, and it had fome appearance of foftening. After it cooled, 

. is found to have loft its tranfparency, in confequence of the feparation of its 

ay by the force of the fire. Mem. de VAcad, 1783, page 566. Profeffor 

rrhmann has fince fufed rock-cryftal by a flame, urged with a fiream of oxyse- 
mous gas. Nicholfon’s Dictionary of Chemiftry, page 278. ; 
Pol. I. | | ee N 
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o Thefe affertions are proved by. apdtacctey the ian of which are to be 
found in a variety of works: in the 1ft volume of de Luc’s Idees ur la 
Météorologie, and in his Recherches fur les Mod ‘fications de LP Aimofpbere; im the Me- 
moire of Lavoifier and La Place, Sur la Chi leur ; in Seguin’s Objervations on Ca-_ 
loric, publifhed in the 3d volume of the Annales de Chimie; in Crawford’s Treatife. 
on Animal Heat; in the Agfa Suecica for 17735 in Magellan’ $ Balay, on be in 
M. Pittet’s Effai fur le Feu, &c. &e. 

P In the profecution of thefe and many fimilar objects of inquiry, it is cette 
. for chemifts to have it in their power to produce very low degrees of temperature. 
This may be done by frigorific proceffes, during the warmeft weather of fommer, 
An account is given in the Philofophical Tranfa@ions for 1787, 1788, and. 1789, 
of fome very economical, ‘and, at the fame time, very powerful frigorific | mix 
tures. \'- «ged 

4 This feems the proper en for obferving, that the netted hebmiobretel iw 
* an accurate meafure of tentperature, It is found that the dilatations and condenfa« 
tions of the mercury with which it is filled, are very nearly proportional to the ca= 
Jorie which it reeeives, or which is taken from it. This faét was afcertained by 
M. de Luc, and his experiments have been repeated with great care, by Dr. Craw 
ford; and fimilar refults obtained, or rather refults more favoarable than De Luc’s, 
to the juftnefs of the mercurial thermometer, as a meafure of temperature: See 
Crawford’s Treatife on Animal Heat, page 18—53. 

Martine has given directions for the conftruction and graduation oe thermome+ 
ters. See Effays. Confult, for the fame purpofe, the Philofophical Tranfactions 
of London, volumes 66th and 67th; De Luc’s Recherches fur les Modifications de 
PAtmofphere, and Nicholfon’s Dictionary of Chemittry. °- | 

Martine may alfo be confulted for a comparative table of the different feales, ace 
cording to which thermometers had been conftructed previous to his time. -Fah= 
fecha s fcale is generally ufed in Britain, Reaumur’s in France. One degree of 
Fahrenheit’s feale = 4-ths of a Sets of Reaumur’s, = s-gths of a ape of 
Celfius. 

¥ Mr. Wedgwood’s clay pyrometer is defcribed in the vad ohh of the Phie 
lofophical Tranfactions, and additional obfervations on its conftrudtion and ule 
are contained in the 74th and 76th volumes of the fame colle@tion, 

The following is Mr. Wedgwood’s table of the changes experienced by various 
fubfances, at different degrees of ae se gic according to. his own 
and to qolnennet s {eale. a 


f 


Wedgwood’s Scale. _  Fabrenbeit’s Scales 


Extremity of the feale of Wedgwood’s . o 
pyrometer, - - 240% Oo aah ge 
Higheft temperature of his fmall, air- . . 4 
furnace, about 8 inches fquare, - 166 41877 is P| 
Caft iron melts, -) - 130 (17977 | 
Higheft temperature of a common . . me | 
{mith’s forge, = . - i2¢ ek 17327 ; ag 
Welding temperature of iron, greatett, 95 . 7 13427 ro 
ner ncnnneninnnmeree Jeaft, 90. uf egg 
Fine gold melts, - = 32 ‘ $9397 ae 
Fine filver melts, - Wit 28 oe yaa ae 
” Swedifh copper melts, _ - 87 ASB] | aga 


Brafs melts, ” ey, Fae zt 3807 


x 
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CHAPTER vi. De A Ea alll 
yy+A : " Fi : i 
CONCERNING ATMOSPHERICAL ATR. et - ay 
ee jh} he orl - wt? 


Comiton air is an invifible, inodorous, infipid, gravitating,” lat 
tic fluid, eafily put in motion, capable of rarefaétion and cone. 
denfation, which furrounds our globe to a certain height, and is. 
called'the atmofpheres: It penetrates and fills’ ‘wp’ the interftices 
gr pores which exift among the 1 integrant particles of bodies. The 
atmofphere is far from being entire Ht ata of pure aire, ee 
‘it receives all-kinds of vapours th ghife te from the earth, it may be 
confidered as a chaos, whofe part@at 6 e very sone to be known.” 

We fhall fee, however, that t ae 
with confiderable fuccefs. “Wate Bp thineral exhalation and the 


ally rifing into the scinofvher ee conftitute, as it were, its site 
“ferent elements. ‘The hiftoryof ‘the atmofphere confifts of that 

of its height, which is not “yet afcertained with precifion; of 
the changes it experiences in weight; of its feveral. ftrata; of 
the effeéts of its rarefa€tion and dilatation; of winds, and o 
meteors. All thefe objets belong to that part of natural philo- 
fophy which is called meteorology, and does not come within our 
intended limits : ‘But _as’the air has a fingular influence on all. 
chemical phenomena, and it cannot but be. of confequence to 


«know in what refpeéts this is exerted, we thal! here ‘pay fome 


attention to its phyfical, as well as its chemical POOR as 


§ 1. Concerning the Phyfical Pr perties of Common Air. wit 


We sot the fluidity, its invifibility or extreme tranfparenc 5 | 
its want of tafte or fmell, its gravity and its clafticity, as the ph 
fical properties of air. Each of. thefe eb to be attended | to 
feparately. at.) 

The rarity of the air is sie hatist eafily yields to the {mall ft 
impulfe, and is difplaced by the fmalleft motion of bodies. i ne 
merfed in it.. The rarity and fluidity depend on its peculiar ftate 
of aggregation ; ; and as the fame ftate is found in other fubftanc ces. 
not of the fame nature as the-air of the atmofphere, fuch fi ib- 
{tances are termed aeriform fluids or gafes. It is the diftinguith : 
ing criterion of this flate of aggregation, that bodies poretines it ; 
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do not affume the folid ftate by mere cold, as moft liquid fub- 
{tances do; that is to.fay, we are unacquainted with the preflure 
or degree of refrigeration capable of rendering them folid; and 
this is the character of permanent gafes. The fluidity of the 
air renders it fufceptible of thofe frequent and rapid motions of 
its parts, which are called’ winds. It is not, however, of that 
fubtlety, as to pafs through the pores of many bodies, Tyanf- 
parent fubftances, through which light pafles with extreme faci- 
lity, are not penetrable by air. Water, faline folutions, oils, and 
fpirit of wine, pafs through a great number of bodies, whofe 
€ is not penetrable by air*. It has not that property by 
liquids infinuate themfelves into the pores of certain bo- 
a and caufe them to expand. 
Air included in veffels is perfectly invifible. It is not at 
all diftinguifhable from the glafs which contains it, and though 
fills the veffel completely, it exhibits to the eye the appearance 
Of avacuum. Its.tenuity, and the great facility with which it 
ers the rays of light to pafs through its fubftance, are the 
caufe of this; it refraéts the light without reflecting it. It is 
confequently colourlefs, though fome philofophers have thought 
its large maffes were blue +a. 
The air has always been fuppofed to be perfectly infpid. But 
if we attend to the confequences of this fluid touching any bare 
nerve of an animal, as is the cafe in wounds and other fimilar 
circumftances, we may conclude that it has a kind of fapidity 
which habit has probably rendered infenfible. In fat, the ex- 
re of wounds to the air is often attended with very acute 
pain, The infant, at the inftant of its birth, fufficiently fhows, 
by its cries, the difagreeable impreffion this contaét occafions. 
This kind of acrimony in the air appears to be the caufe of that 
with which wounds cicatrize, if not kept covered 5 at- 


sii? This m may be true ; but it has never been proved in the moft fatiglaiony man- 
3 namely by the condenfer. T._ 
Colourlefs fluids appear to refle& ‘the light in the order of its reflexibility, and 
wit therefore appear of a different tinge, accordingly as they are viewed by re- 
ed or tranfmitted light. Thus the air ig either red, orange, or yellow, ac- 
ding to its thicknefs, as is feen by the colour of the clouds illuminated at fun- 
a this tranfmitted light; the green, bluc, indigo, and violet rays being more 
xible, are turned back, and exhibit the fky blue. Water has a fimilar ap- 
Fr when in large maffes. The fea, by reflection, is blue, but by tranfmifiion 
red, as Halley obferved in the diving bell. ‘T. / 
Ny 
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mofpherical air alfo prevents cicatrization in vegetables. which 
have been-deprived of their bark; and the reproduétion of this 
angie hee: is known to take place only when the external air ih. : 
excluded. 1 | mse 
The air is perfeetly jnodorous, and in thofe wate in Shiai rm 
fort of fetid fmell is perceived, it is eafily accounted for, by ate! 
‘tention to'the foreign bodies inter[perfed through ity as mifts, or 
vapours *, AUR “af 
The weight of the air is one bE the moft waa difeoveries, 
“in natural philofophy. It was not well eftablifhed till, about the 
middle of laft century, though it is affirmed, that Ariftotle knew 
that + a bladder is heavier when full of air, than when empty. ‘ 
The ancients had no idea of the weight of the air; but attrie 
buted all the phenomena arifing from that weight to an occult 
quality they called the horror of a vacuum. ‘The impoflibility of 
raifing water by the common pump to a greater height than thirty. , 
two feet, engaged certain workmen to confult the famous Galileo, 
‘who was greatly furprifed at the fa@. Death, in all probability, 
prevented his fagacity from difcovering the true caufe of this, 
which was referved for his difciple Torricellius. He was led to it 
by the following reafoning : The water appeared to him to’ rife in 
the fucking pump folely in confequence of an exterior caufe, 
‘which, by preffure, obliged it to follow the pifton. The action , 
of this caufe is evidently ented as appears by its fuftaining a cag 
Jumn of no more than thirty-two feet of water. . If, therefore, it 
were to act on a fluid fpecifically heavier than water, it ought to. 
raife and fuftain toa height inverfely as its fpecific ; gravity. From 
thefe refleétions he was induced to take a tube of glafs herme- 
tically fealed at one end, and thirty-fix inches in length. — | t 
filled this with mercury, the clofed end being downwards ; then’ 


clofing the extremity with his finger, he raifed the other end up. 
permoft, and plunged the unfealed end beneath the furface of a 
vefiel of a sity ge removing ne finger, po Nia | 


~ * The fmell of eleGtriciy i is often eed by Pr pepe» when they =f 
_ into the open air. ee | 
+ It is not eafy to conjeéture what may have occafioned Boyle’ 8 rifle in Ter | 
peating this experiment. He found the bladder lighter when empty 1 than when | 
blown up. ‘This certainly cannot be; for the air in the bladder, acting only 
ats oe gravity in air (which i is cee could hot caule any preponderance, 
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the mercury | in the bafon. By comparing this height with the 
height of thirty-two feet, to which water is raifed in pumps, he 
found it correfponded accurately to the inverfe ratio of the weights, 
For the fpecific gravity of mercury and water being in round 
numbers, as 14 to 1, the mercury was found to ftand in the va- 
_cuum at only one fourteenth of the height of the water. It was 
not till after much meditation, that he fufpected the weight of 
the air to be the caufe of the fufpenfion of water in pumps 3 and 
_ this doctrine was not incontrovertibly eftablifhed in France, till 
‘ after the ingenious experiment of Pafcal in that kingdom. 
_ This celebrated philofopher imagined, that if water were fuf- 
_ ftained’at the height of thirty-two feet in pumps, and mercury 
_ at twenty-eight inches in the Torricellian tube, by the fole gravity 
¥ of the air, the heights of thefe fluids ought to vary with that 
he gravity ; that they tree not, for example, to be the fame on 
_ the top of a mountain and in a valley, becaufe the length of a 
_ column of the atmofphere muft be fhorter, and confequently its 
_ weight lefs in the former than in the latter cafe. In purfuance 
of this idea of Pafcal, M. Perrier on the 19th of September, 
_ 1648, at the foot and at the fumit of the mountain Puits de Dome 
in Auvergne, made the famous experiment, which has for ever 
_ fixed the opinion of philofophers on this fubjec&t. The barome- 
ter, or Torricellian tube filled with mercury, and fixed toa {cale 
4 of thirty-four inches, divided into inches and lines, fhowed a fall 
or diminution of the mercurial column equal to four inches, in 
~ afcending from the foot of the mountain to its fummit, which 
_ is five hundred toifes higher. By this it was afcertained, that the 
mercury varies about an inch for every hundred fathoms ; and this 
DaeArunent has fince that time been very fuccelsfully applied to 
pete the height of mountains. 

_ The weight of the air has great influence on a number of phy- 
Peel and chemical phenomena. » It comprefles all bodies, and op- 
 pofes their dilatation. It is an obftacle to the evaporation of 
_ Aluids. The water of the fea is by this caufe preferved in its li- 
quid ftate, without which it would take the vaporous form, as 

we fee i in the vacuum of the air pump, ‘The preflure of the air 

"on our bodies preferves the ftate both of the folids and fluids ; 
and from the want of this due preflure it is, that on the fummits 

_ of lofty. mountains the blood often iffues from the pores of the 
Pitkin, or from the lungs, and occafions hemorrhages. 


Nj 
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Laftly, the air is ftrongly claftic. It is capable of being roohty + 
much condenfed, and swine regains its former ftate when at — 
liberty. A great number of facts prove the truth of this affer- — 
tion. We fhall here mention one or two of the moft obvious 
and conclufive. If mercury be poured into a tube in the form 
_of the letter U, and clofed at one end, the air in the clofed end. 
will contraét in its dimenfions, if proportion as the quantity of | é 
mercury by which it is compreffed is greater. The foot-ball of 
children, confifting of a bladder filled with wind, and enclofed in 
leather, fhows the fame clafticity, by its rebounding when i it falls: 
on hard bodies. The fountain by compreffed air fhows the fame _ . 
thing. ‘This is a veffel half filled with water, and air is ftrongly * | 
Br into its fuperior part: The reaction of the air on the 
water forces it out to a confiderable height through a tube. Laftly, i 
the wind gun, whofe effects are well known, owes thofe effects i 
to the fame property. It is eftimated that air may’ be pie iy 
into the 128th of its ufual volume. 

Heat producing a contrary effect to that of comand ipewd e 
air, ferves to fhow, that its volume may be exceedingly augments his 
ed by the increafe of its fpring. When a bladder full of air is i 
expofed to the heat of a furnace, the air is dilated fo as to burft ~ 
the bladder with an explofion. This phenomenon is partly the — 
occafion of the burfting of chemical veflels, which often happens 
where due precautions are not taken to prevent it. The abfence — 
of the preffure of the atmofphere, or the total ab{tration of tag q 
circumambient air from beneath the receiver of an air pump, 
caufes a bladder enclofed therein to burft by the {pring of es in= i 
cluded air, which then aés without oppofition. | ipa’ | 

From this account of: the gravity and the elafticity of the air, : 
it may be readily inferred, that thefe properties are the ae 
caufes of the numerous atmofpherical changes, and: the varia~ a 
tions in the mercurial column in the barometer. In faét, the i ine 4 
ferior ftrata of the atmofphere muft fuftain-the weight of the air ; 
above them, and are therefore in a ftate of compreffion, which 
diminifhes with the greater elevation of places: And the con 
tinual change of temperature muft alfo greatly affect, the. gravity 
of the air, by augmenting or diminithing its elafticity. Thus, as 
_ we have already noticed, the air is lighter, keener, and more agi 
tated on the tops of mountains than in lower regions; and. it is 

ony rom f the confideration of the combined oes of the heaty 


Piet eS 


Fernie; 
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- gravity, and | claiicity of the atmofphere, that the barometrical 
changes can be accounted for. M. de Luc, and M. de Sauffure 
have. wae great attention to this i pekiwer’ fubjeét for fome years 


nh gs 2. Concerning the Chemical Properties of Common Air. 


"The Properties we have defcribed were formerly the only ones 
known, or treated of by philofophers. But certain chemifts, at 
the head of whom we may place Van Helmont, Boyle, and 
Hales, having perceived that air, or at leaft a fluid poffeffing all 
its apparent properties, was obtained in the analyfis of many na- 
tural fubftances, adopted the pinion that this element combines 
with, and becomes fixed in bodies. Such is the origin of the 

term fixed air, which was given to the elaftic fluids obtained in 
‘chemical operations. ‘The early philofophers fuppofed thefe fluids 
to be air; but the difcoveries of Dr. Prieftley have fhown, that 
' there are many bodies which have the phyfical properties of air, 
though they differ from it effentialy in many refpeéts. It is, 
therefore, neceflary to attend to thofe other properties, in order 
to diftinguifh air from other aeriform fluids, which refemble it in 
imvifibility and elafticity. ‘Thefe properties are chemical. 

Qn inquiring into the charaters of air, we find two which 
‘are peculiar to it, and well adapted to diftinguifh it from other 
elaftic fluids. ‘The one is the property of promoting the com- 
buttion or inflammation of bodies futceptible of that procefs ; and 
_ the other is that of maintaining the life of animals that refpire it. 

~ Let us carefully examine thefe important phenomena. 
_ It is very difficult to give a good definition of combuftion. It 
is a colle€tion of phenomena, which certain bodies exhibit when 
heated with accefs of air; the principle of which are the con- 
tinuance or augmentation of heat, agitation, or inteftine motion, 
the emiflion of light, flame, rednefs, and a total change of the 
‘matter burned. , Great differences may be obferved in combutft- 
ible bodies; fome burn brifkly with a luminous flame, as oils, 
wood, refins, bitumens ; others burn without fenfible flame, as 
_ many of the metals, and charcoal, if well made; others again are 


* The barometrical meafurement of elevations has been well treated of, both 
practically and fcientifically, by Sir George Shuckburgh and Colonel Roy in the 
7th vol. of the Philofophical Tranfactions. ‘T. 
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confumed flowly without fenfible ignition, though with heat, as 
is feen in certain metallic matters. In all thefe cafes the com- 
‘buftion is performed ; and the body, thus burned, cannot be — 
again fubjected to the fame procefs. The refidue of the com- 
buftion is always heavier than the body itfelf was before it was 
burned, as is more particularly feen in fuch as are fixed i in the — 
fire: But flich bodies, as contain volatile inflammable matter, . ] 
bits with more rapidity than the former, and leave a refidue i | 
much lefs heavy than before. Oils, &c. are of this kind. But | 
this diftin@tion refpeéting the weight of the refidue, is only ap- — 
parent; for the refidue in fa€t is in all cafes heavier than the 4 | 
body itfelf originally was. This impertant truth is evinced by a | 
proper attention to the entire product of the inflammation. The | | 
fixed part of a body is not the whole refidue ftri€tly confidered, 
for the volatile parts efcape into the air; and in fome bodies chia 
whole efcapes in this manner. Thefe laft would feem to be an- /— 
nihilated, if we were not to bring the volatile parts into our ac- 
count, which is an abfurd pofition not to be\maintained by in- a 
ference from any phenomena. Thus we find that fpirits of wine, 
and ether burn without leaving any refidue ini the veffels that con= 4 
tained them; but the matter they confifted of is volatilized and | 
difperfed. - But if proper means be ufed to colle& the produd, it t 
is found that its weight is greater than that of the original fluid. 

In this manner, M. Lavoifier ‘obtained eighteen ounces of wate + 
by burning fixteen ounces of pure and highly rectified {pirit of - 
wine, under a chimney adapted to the worm-pipe of a ftill *, 
And the fame phenomenon takes place with oils, refins, &c. 
So likewife it is not to be concluded that the afhes of wood is the | 
true refidue of the combuftion. For a part of this fubftance is 
diffipated in the air ; that which is imperfeétly burned, conftitut- 
ing foot; while another part efcaping into the air is condenfed — 
in the form of water, or exifts in the form of elaftic fluids of 
various kinds. | It may, therefore, be taken for a general truth © 


in chemiliry, that the weight of bodies is increafed by combuf- 
tion. 


~! 


‘The explanation of this increafe of weight'depends entirely on 
‘another phenomenon of combuftion, which muft be more mi- — 


* Memoires de ? Academie Royale des Sciences pour! Ann, 1981, page 942. F.5). 
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nutely inquired into. Combutftion cannot tal ake place without the 
acceis of air, and is always carried on in proportion to the quan. 
- tity and the purity of that fluid. This abfolute neceflity for the 
prefence of air in combuttion, has ftruck philofophers, fince the 
time of Boyle and Hales; and cach of them has propofed his 
“opinion on this fubjec&t. Boerhaave thought that the ation of 
air confifted in its being applied to the furface of bodies, and in 
feparating the particles fucceflively from each other. This hypo- 
thefis does not by any means fhow why the fame air fhould not 
eternally ferve to maintain combuftion. M. Morveau fuppofed 
this lait fact to depend on the too great rarefaCtion the parts of 
the air fuffered by heat, in confequence of which he imagined 
the combuftible body might fuffer a compreflion incompatible 
with the ftate of combuttion. But this ingenious explanation 
was offered at a time when the true caufe was entirely unknown. 
M. Lavoifier, by his valuable experiments on the calcination of 
metals in known and determinate quantities of air, has proved 
the fa& obferved long ago by the naturalift John Ray, that a 
portion of the air is abforbed during calcination; that the metal 
acquires as much weight as the air lofes; and that the metallic 
calx really contains this portion of air, as is fhown by its difen- 
gagement when mercury is reduced by the mere application of 
heat*. Other facts have carried him {till farther.. With Prieftley 
he has obferved, that the air which remains after calcination and 
combuftion, cannot be made to ferve for new procefics of the 
fame kind, but that it exftinguifhes bodies on fire, fuffocates 
animals, and, in a word, it is no longer true air, &c.; and that 
the diminution is in proportion to + the quantity of air abforbed 
by the combuitible body. On the other hand, the air obtained 
from metallic calces, is found to be three or four times as pure 
as that of the atmofpheret ; fince it is not only capable of main- 
taining combuftion, but renders it much more rapid and perfec 
than ordinary air does; and a given quantity of this air will fuf- 
fice to the perfeét combuttion of three or fqur times the quantity 
of a like body, which would be confumed in an equal poruon 
-of atmofpheric air. ‘This fingular fluid, which is obtained from 


* Mem, de I’Acad: des Sciences, pour PAnn. 1774 et 1745, p- 520. T, 

+ Mem. de Acad. des Sciences, pour PAnn. 1776, p.. 679 et pour l’Ann, 
1777s P» 65,188 et201. T. 

7 Mem. de Acad. des Scignces, pai PA 1775+ Ps 525° 7 ‘ 
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mercurial calces has been called dephlogifticated air, by its. dif. 
coverer Dr. Prieftley, who fuppofed it to be a portion of the air 
of the atmofphere, from which the phlogifton (which according 
_to him always exifts in the air) had been taken away and abforb- 
ed by the calx of mercury, which is reduced in proportion as 
this elaftic fluid is difengaged by heat. But as this denomination 
may convey a falfe idea of the nature of this elaftic fluid, we a | 
fhall adopt the name. of vital air, becaufe it is the only fluid | 
which ferves to maintain combuftion or refpiration, and becaufe 
it is, toufe an expreflion of M. Lavoifier, air ina much more emi- 
nent degree than air itfelf. : 


From the confideration of the abfolute neceflity of air to main- 


tain combuftion and its. prefence in metallic calees, M. Lavoifier 
concluded at firft that combuftion confiits in nothing more than 


the abforption of,pure air by the inflammable body. He regard- . 4 
ed the air of the atmofphere, abftraCting the water and different 


vapours that float therein; as a compound of two elaftic fluids of 
avery different nature. The one, which is the only and true 
air, capable of maintaining combuftion, by being precipitated on, 
and uniting with combuftible bodies, is the pure or vital air. It 
compofes from a fourth to a third part of the atmofphere. The 
other, which is a fluid deftru€tive to animal life, and extin- 
guifhes fire, conftitutes from two-thirds to three-fourths of the 
atmofphere, and was at firft called by him atmofpheric mephitis. 
When a combuftible body is {et on fire in contact with atmof. 
pherical air, the portion of vital air becomes fixed in: the body, - : 
and the combuftion continues while this procefs is going on; but 
as foon as the whole of the vital air is abforbed, it ceafes. The re- 
fidue, thus deprived of ont of its conftituent parts, cannot ferve 
to maintain new combuttions ; but this atmofpheric mephitis will 
regain the properties it had before, if a portion of pure air ob- 
tained from a metallic calx, or from nitre, be added in the fame ? 
quantity as was loft by combuftion. - This ingenious theory pro- 
pofed in 1776 and.1777, by M. Lavoifier, feemed to explain all 
the phenomena of combuftion. It clearly accounted for the in- 
-creafe of weight in metallic calces, and the .extin@tion of com- ~ 
- buftible bodies in an air already employed in maintaining com- 
buftion ; but M. Lavoifier has thought it neceflary to modify it — 
by the addition of new obfervations fuggefted by his numerous 
experiments. The very bright. flame ati when bodies in 
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combuition are either plunged in vital air, or when it is blown 
ina ftream on the furface of a body already on fire, by the help 


of an ingenious apparatus * that philofopher has contrived for 


the purpofe, induced him to inquire intoits caufe, and whether 
it'might not be caufed by the difengagement of phlogifton 
im thé form of fire at liberty, according to the theory of Stahl. 
_ His attention to this inquiry was the more fixed by the confidera- 
tion that the celebrated Macquer, notwithftanding the new dif- 


_ coveries, had not abandoned the theory of Stahl, but had ‘con- 


_nééted his own theory with that of the father of chemical phi- 


. lofophy. We have fhown, that Macquer maintained the opi= 


“nion, that the fixation of pure air in combultible bodies was per- 
_ formed only in proportion as phlogifton was difengaged 5 accord- 
_ ing to him, pure air and phlogifton mutually precipitate each other 
_ in every inftance of combuftion; the phlogifton being difengaged 


in the ftate of fire at liberty by the pure air which affumes its 


_ place : in the reduction of metals, the phlogifton, in its turn, dif 
_ engages the pure air, and becomes fixed in thefe bodies. M. La- 
-yoifier, obferving that the luminous appearance of the flame we 


have fpoken of (and which too clearly evinces the prefence of 
light, or the matter of fire in action, to admit of controverfy), 


feemed rather to environ or furround the combuftible, than to 
be difengaged from it, adopted the opinion that the matter of 
light and heat is feparated from the pure or vital air, in proportion 
as the body burns and abforbs a part of it. He now thinks that 
_ pure air, as wellas every other acriform fluid, is compounded 
of a peculiar principle, capable of becoming folid, and the matter 


~ of heat or fire, to which laft it owes it aerial form ; that it is de+ 


compofed in combuftion, its fixed and folid principle uniting 


with the combuftible body, and by that means changing its na- 


ture, and adding to its weight, while the matter of fire is difen- 
in the form of light and heat +. So that what Stahl attri- 

* butés to the combuftible body, the modern doétrine afcribes to 
the pure air ; it being this laft which burns, rather than the comt- 
buftible, if combuftion be made to confit in the difengagement 
of fire... As to the other principle, which, when united to the 


ey Defcribed in the ay de l Acad. pour ’ Ann. 1732. p,. 462. Zo‘ 

+ The firft fetch of this theory was publifhed in the Memoires de P Acad. pour 
y Ann. 1777, P- $92. [t was afterwards explained at greater length in the vo- 
tume for 1783, P. 505. a. ; 
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matter of fire, conftitutes pure or vital air, though M. Lavoifier 
has not yet entirely difcovered its nature, yet as it is afcertained — 
that it almoft always forms acids by combining with combuttible 
‘bodies, he has called it the oxygenous, or acidifying principle *s 
It is this which produces the fulphuric, arfenic, phofphoric acids; — 
&c: in the combuftion of fulphur, arfenic, phofphorus, &c. it — 
being one and the fame -fubftance in all thefe. It is to be ob- 
ferved, that in this new theory, the pure or vital air procured | 
from metallic calces was not all contained in them; but is obs | 
tained from them, becaufe the oxygen united to the metals, » 
combines with the matter of heat-or light which paffes through 
the veffels, in which the calx of mercury is heated, 8c. - | 

Such is at prefent the ftate of the fcience of chemiftry, with 
regard to the nature of atmofpherical air, and its influence in 
combuftion. ‘The theory we have here exhibited daily acquires 
new force ; the objections of thofe who do not yet admit it, have 
done it no injury: they even prove, that, with a more accurate 
knowledge of the whole of this theory, the chemifts who oppofe 
it would be fenfible of the infufficiency of the objetions they 
urge; and that, when this knowledge fhall become more ex- - 
tended, all philofophers will be neceffarily of one fentiment. — 

Refpiration is a phenomenon very analogous to combuftion. 
Like combuftion it decompofes the air: It can only be carried on , 
in proportion to the quantity of pure or vital air which is pre- 
fent, and, when all that air is deftroyed, animals perifh in the 
mephitic air which remains. It is a flow combuttion, in which ~ 
part of the heat of the vital air pafles into the blood, which cir- 
culates through the lungs, and is with it difperfed through all 
the organs: Thus it is that the animal heat is repaired, which is © 
continually carried off by the atmofphere and by furrounding bo- 
dies. ‘The maintenance of the heat of the blood is therefore — 
one of the principal ufes of refpiration 5 ; and this happy theory — 
explains why animals which do not refpire the air, or fhe wee! 
refpire it very little, have cold blood. f ony 

Meffieurs Lavoifier and De la Place have difcovered a. eeu 
ufe of air in refpiration; namely, to abforb a vindigleawliane a 
exhales from the blood, and appears to be of the fame nature as” 


t 
————————————— eS Sr 


* Lavoifier at firft gave it the name of oxigyne, but the neceflity of ufing an ana- ~~ 
logous term for fome other fubflances improperly named, induced us to change i 


the termination into gene, as being more expreffive of its‘Greck derivation, =~ 


é/ 


ed 
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eharcoal *.. This body, reduced into vapours, combines with the 
oxygen of the vital air, and forms carbonic acid, which iflues 
out of the lungs by the expiration. ‘This formation of carbonic 
acid which takes place in atmofpheric air refpired by animals, at 
the fame time that the mephitis is feparated, clearly fhows the 
dangerous confequences which refult from too great a number of 
perfons being included in clofe places, fuch as theatres, hofpitals, 
&c.; and the noxious effects, which air vitiated by refpiration pro- 
duces on perfons of delicate: conftitutions, are no longer to be 
wondered at. y 

We fee, therefore, that two leading phenomena tend. conti- 
nually to vitiate and decompofe the air which furrounds our 
globe. Thefe are combuftion and refpiration. This fluid would 
foon be rendered unfit for the maintenance of thefe natural pro- 
ceffes, if there were not other phenomena capable of reftoring 
vital air to the atmofphere, in the place of that which is conti- 
nually abforbed and loft. We {hall fee, in the following chapter, 
and in the third part of thefe Elements, that vegetables poflefs 


_yery extended organs, deftined by nature to extract this vital air 


from water, and to pour it forth into the atmofphere, when the 
rays of the fun a& upon them. 


— § 3. Concerning the Charaéters of Mephitis, or .Azotic Gas, 
n whieh forms part of the Atmofphere. 


From all the foregoing details, it follows, that atmofpheric air 


is compofed of two gafes, or elaftic fluids; the one, which main- 


tains combuttion and refpiration; and’ the other, which cannot 


ferve in the prodution of either of thefe phenomena. The firft, 


which is called vital air, is in the proportion of 0, 27, or 0, 283 


‘ 


the other amounts to 0, 73, or 0, 72°. We have obferved that 


_ the former is compofed of caloric, light and oxygen; the fecond 


is likewife, as all gafeous bodies are, a compound of caloric and 
ef a bafe capable of becoming folid. This elaftic fluid, which 


- forms more than two thirds of the air of the atmofphere, was 


at firft called mephitis. by Lavoifier, becaufe it extinguifhes 


b bodies in combuftion, and deftroys animal life; but as all the 


gafes, except vital and atmofpherical air, are equally noxious, and 
as the name of mephitis i is a general expreflion which belongs to 


_ * Memoire fur la Chaleur dans les Mem. de |’Acad. p. 1780. The firit paitey of 
Lavoilicr on Refpiration, was read on the 3d May 1777. TZ; 
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them all alike, and has always been. given. to elafiic fluids, which | 
are not refpirable, we have adopted the name of azotic gas: for 
this'aeriform fluid; and this denomination has permitted us to 
give the name azote, or the fubftantive, to the bafe of this Bas, | 
which, like that of vital air, or oxygen, becomes fixed by com= | 
bining with various fubftances. T'o give: in this p place fome i ine 
formation refpecting the nature of this azotic gas, we fhall. de- | 
{cribe fome of its properties. It is fomewhat lighter than. atmof 
pheric air, and occupies the upper part of rooms in which the i 
air is altered by refpiration and combuftion. Though it is | 
very noxious to animals in its flate of elaftic fluidity, yet its bafe, 

or azote, is one of the component parts of their bodies, from — 
which it is obtained in = one quantities. ie is ~ one he be 


i 
4 


tric ai: It appears to be weer ae by eda diced and ‘eainell ’ | 
even by animals. It is .likewife very probable that it forms one J 
of the principles of all the alkalis, and that it may be’ confidered 
as the true alkaligen, oppofed to the bafe of vital air, which, as_ | 
we have obferved, is oxygen. ‘The atmofphere would be then, — 
according to thefe confiderations, an immenfe refervoir of the 
acidifying and alkalifying principles, without’ ae bs’ sea 
acid or alkaline. ; oe 
All thefe properties can be no more than annaunuandets this 
place ; they will be demonftrated and explained much more fully 
in the other chapters. We have been defirous of fhewing the 
difference which exifts merely between the two elaftic fluids 
which conftitute the air of the ih ane of fixing: the at 
tention on n each of theni¢. i AE SA RES 
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a "Tur blue iste of the air, though rejected, by Fepdcrdgat is. esate | 
many refpectable philofophers. It appears, from the very. accurate obfervations — 
of Sauffure, that the blue colour of the fky acquires a deeper fhade in proportion — 
as it is viewed froma more elevated fituation. Confult upon this fabject Prieftley’s | 
Hiftory of Vifion, Light, and Colours, page 4.36, 4 Fournal de Dae ois “March 47 7 
-and Sauffure’ s Voyages dans les Alpes, ~ 

b It is at -prefent fufficiently afcertained, by the experiments. of Dr. eee | 
that thefe effects of air depend upon its oxygen, which probably combines either — 4 


ig sae *) 


a 
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‘with the matter difcharged from the ulcerated or raw furface, or combines with 
the furface itfelf. It was long ago fuggefted by Berthollet, that the caufticity of 
metallic oxyds depended on the affinity of their oxygen with animal matter; and 
the truth of this opinion was confirmed experimentally by Fourcroy. Annales 
de Chimie, tome 7ieme. 

© This account of the compofition of atmofpheric air is not ftri€tly accurate, 
fince the pureft atmofpheric air that has yet been found contains a mixture of car- 
bonic acid gas. Cauttic alkalis become mild, lime water acquires a pellicle on its 
furface, and metallic oxyds become effervefcent in acids, after expofure for a fufi- 
cient length of time to atmofpheric air. Thefe changes take place in every fitua- 
tion in which the experiments have been properly tried. Even upon the fummit 
of Mont Blanc, there was a fufficient quantity of carbonic acid gas in the atmo- 
fpheric air to produce, in feven quarters of an hour, a pellicle upon the furface of 
lime water, and to communicate, in an hour and a half, the property of effervef- 
cing to cauftic potafh. It farther appears, that this {mall quantity of carbonic acid 
gas adheres fo ftrongly to the atmofpheric air, that the latter does not produce the 
flighteft cloud when agitated with lime water. It was this, and other fadts of the 
fame kind, which induced Mr. Kirwan to conclude that the quantity of carbonic 
acid gas in atmofpheric air is abfolutely inappreciable. Morveau has pointed 
out the circumftances which occafioned the failure of Mr. Kirwan’s experiments, 
and has fhown that atmofpheric air contains a {mall quantity of carbonic acid gas, 
even when it is unable to produce the fimalleft cloudinefs in lime water. Article 
dir of the chemical part of the Encyclopédie Méthodique, p. 745. 

_ Atmofpheric air alfo contains water; the quantity of which varies according to 
the temperature and denfity of the air, and accerding to the nature and qualities 
ef the fubftances to which it has been recently expofed. It appears, from the ac- 
eurate experiments of Sauffure, that a cubic foot of atmofpheric air, having the 
temperature of 65°, diffolves about 11 grains of water, in pafling from extreme 
drynefs to extreme humidity. Confult upon this fubje& Sauffure’s Efais fur 

PV Hygrometrie, § 97, 180. 

@ Neceffary corre&tions in eftimating the weight of any ‘permanently elaftic 

fluid from its volume. 

t. The quantity of any gas is more conveniently afcertained by meafuring it 
than by weighing it, the weight being afterwards calewlated from the volume and 
fpecific gravity; but the common tables of fpecific gravities being adapted for 
particular ftates of preffure and elafticity in the elaftic fluids to which they relate, 
it is neceflary to make certain corrections in the obferved volumes of thefe claftic 

_ fluids, when they are fubjected to a difference of preffure, or exift in a different 
ftate of elafticity. 

_a. The volume occupied by an elaftic fluid is inverfely as the preflure applied 
toit. This at leaft is the cafe in thofe variations of preffure which occur in the 
atmofphere, or in ordinary chemical experiments. From this obfervation we get 
the following general formula. 

Let v = the prefent volume of any gas, 
n = the prefent height of the mercury in the barometer, 
n == the height of the barometer, to which the tables of f{pecific gravity | 
are adapted, 
x =the volume which the gas would occupy, if the barometer Lood at n’; 


nv 
Thenn:n'::x: v,andx=— 


Vol. £. © 
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Byt there is another fource of fallacy: arifing, from the influence of prefluse 
upon the volume of elaftic fuids.. When. gas is. confined in a jar over mercuny of — 
swater, it often happens that the mercury or water muft be allowed to rife within 
the dat above the level of the mercury or water in the bafon. In that cafe the 
gas is not “compreffed by the whole weight of the atmofphere,. but. only, by the 
sight ¢ of the atmofphere, minus the weight of the column of mercury or water 
in, the. jax above the leyel of the bafon. . The preffure to which the gas is fubjedts | 
din thefe circumfances may be calculated i in the following manner: biow olen 
Let H = the prefent height of the mereury in the barometer, ©, 

h= = the height of the mercury or weter in the jar nip weer 
3 the bafon, mies oat sts oe sia 

igi = the volume of gas in hgh jar, tbl bs 

he volume which i it would have, occupied, if Ps tad been compre 

"a by the whole weight of the atmofpherey; 


Then H: :H—h: fe x, and x = 4 aaaiodn | | ae ree 


" ‘When' metcury is ufed in the bafon, the application of this formula i is “a . 
once ; but when water is ufed, we muft firft reduce the column of water to i 
correfponding column of mercury. This may be done very. ex editioufl 
| means of the table (No. IJ.) annexed to Lavoifier’ s Blements of Chemiftry, . 
| recollecting that the fpecific gravity of mercury is very nearly 13. ve “The w a 
6f this laft calculation may be avoided, in fome inftances, by plunging the j ar fey | 
with gas into the bafon, till the liquid within the j jar be on a level with ate li 
without, and by calculating the quantity of the gas from the volume which it then 
dccupies. “But this method is not always practicable, nay agi ae 
3. Airis expanded, like other fubftances, by calorie; but philofophers a are at 
perfedtly agreed as to the ratio of its expanfion, the dire& ex eriments w which have | 
been made to determine that point varying fomewhat in their refullts, | 
™*} aking the medium of Sir George Shuckburgh’s S experiments, it it "appears oy 
20QO parts of atmofpheric air, of the freezing temperature, increafe i in volume by 
2.43 thoufandth parts, for every additional degree of temperature according t 
Fahrenheit’s feale: 'Thefe experiments were made between ‘the freezing point | 
and this temperature of 51°. ‘They indicate a lefs expanfion for the degrees nea 
to the freezing point, and a greater expanfion for thofe remote from it ; ; but th 
expanfion of 2. 4 3 thoufandth bp or of Wed ath ‘patt fo fo F 4 3 deg ee, sis aa 
medium *, © 3 - 
~The late General Roy’s experiments agree ‘pretty neatly. with thofe of Sir. | 
George Shuckburgh. He found, indted, lise 1000 parts: of f atmofpheric air wer ag 
expanded to 1484, 21 parts, by pafling from the freezin to the hoiling temper: 
ture, which gives an expanfion of 2. 284 thoufandth arts, oF 1-4 te “hearly for 
every decree +3 “but from the t2th to the g2d degree, he ‘makes € exE panti ) 
for every degree 1-409th ‘part, which differs only by 9-r000oth ight: fom: ie 
George Shuckburgh’s eftimate of the expanfion between 32° and 5u 6,7 a i 
So far the direét experiments upon the dilatibility of air agree “tolerably well aa 
but thofe of Sauffure, which appear to have been made i in very advantageous cir i | 
cumftances, afford extremely different refults. ‘fhe quantity of air operated on | 
~ by Sauffure, was much greater than that contained in General | Roy’ $ apparatus,. | 
amduntig to more than four cubic feet ; the dilatations produced by the fame i i= 
SR SS Ma . 
. Philefopbical Tranfacions for 1777, page 563.” ‘Shige oe are j a eT 
+ Lbid. p. 793» 724° ve + un 
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. : 
vorenfe of temperature, did not vary in his numetous expetiinents, by more than 
séarth of the whole ; and yet the medium of his obfervations gave only 1.83615 
_ thovfandth parts, a 1-5 30th part for the expanfion “wae 4 every degree of 
temperature, from 44° to 81° *. 

Some late experiments, which appear to have been very sanity made by M. 
du Vernois, under the infpection of Guiton Morveau, differ ftill more widely 
‘than Sauffure’s from thofe of the two Englith philofophers. It appears from thefe 
experiments, that between 32° and 77°, the mean expaniion of atmofpheric air is 
only 1-571ft part for every degree of Fahrenheit’s fcale; that between 77° and 

 ¥22°, it is 1-252.5th part ; and between 122° and 167°, the 1-trath part f. 

Lavoifier; in his Memoire fur la Chaleur, and in his Elémens de Chimie, has af- 
fumed a degree of expanfibility for atmofpheric air, which is interthediate be- 
tween thefe extremes. This degree was afforded him by the barometrical obfer- 
vations of De Luc; from which it appearéd, that about the temperature of 70°, 
the atmofpheric air is expanded by 1-215th part of its volume, for every degree of 
De Luc’s thermometer ; or by 1-480th part, for every degree of Fahrenheit’s. 

The hygrometric ftate of the air is another circumftance that influences its vo- 
lume. Sauffure found that the air, in pafling from its drieft ftate to the fate of 
preateft moifture, expands by about 1-54th part of its volume; and returns again 
to its former volume, when reftored to the ftate of greateft drynefs ¢. 

How far does the hygrometric ftate of the air affect its dilatibility by caloric? 
‘It would appear from General Roy’s experiments, that above the 4go® or 45° of 
Fahrenheit’s feale, the expanfibility of moift air is confiderably and progreflively 
greater than that of dry air ||; but Sauffure affures us that between 44° and 81° 
the drieft air is rather more expanfible than the moft humid; and he fuggetts, 
- ‘with great appearance of truth, that Genéral Roy had been mifled in thefe expe- 

_ timents, by not adverting to the formation of fteam in his manometer, and its 
confequent effect upon the inftrument §, . 

It is proper to add, that flight variations win the denfity of air append, froin Ge- 
tera! Roy’s experimenits, to occafion hardly any difference in its expanfibility ; 
but great variations produce very marked effects in that property. Air fubje@ted 
tothe preffure of 24 atmofpherés, is dilated by 1-488th part, at a medium, for 
every degree of temperature between the freezing and boiling points; and air 

efled with only i-sth of am atmofphere, expands by no more than 1-1274ft part 
very degree of the fame feale. It would feem that atmofpheric air of the 
10n denfity is more expanfible by caloric, than when it is either very much 
adenfed 4 OF very much rarefied i 


1s, wh hich are infinitely more x coe to chemifts, have not béen favoured 
ith the fame attention. We have indeed little but conjecture upon this fubject, 
except of experiments which.were made by M. du Vernois, under the 
dire af at ena ‘Morveau; and which are fhortly defcribed in the Excy- 
clopédie I . The following table contains fuch of the refules of M. du 
~  Vernois’s labours, as, in the opinion of Guiton, may be fafely, confided in, sahil 
Tak, SSE TT EP f° POO ERT, 
’ ats fur ometrie, par H. B. Sauffure, § 11 
‘ ‘- lp tga ied Fae ih a 
$ Hfaie ur 1 Hygrometrie, § 110. - ra 
: ilofapbic hy Tranfattions for 1777, page 7e 5 and 712. 
: a fur Hygromstrie, § 113. Not 
2 bilofophical Tranfactions for 1777, ae 700 and 701, 
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it may be obferved, that fome even of thefe have rather a fufpicious appearances 
and it is much to be regretted, that in experiments otherwife fo accurately made, — 
no attention was paid, to free the gafes from moiflure, or at leaft to afcertain 
their naeimaabtin flate. a erin el 


TABLE of the Sroantions of Air, and of fome of the principal Gafes, obferved | 
' for every 20° of Reaumur’s Scale. 


From zero From20° From 40? From 60% 


to 20°. to 40% to bat itoRoti- 
; I I ght, were x 
Atmofpheric air expands, ante wee eng 
: LAG Peter s.6x 2g! 7 To anvil 
a { 
% It = I See thety’ 
Oxygenous gas, = ——— cece (1X0 g' t08 Lila eels ean ae 
. 22-E% 4.92 ae oe 
t I ; t rt 
Azotic gas, - ome moms mee ee 5 tees : 
aga Gazi new fan Or 
, y I l | 
Hydsogenous gaa, = ne adn | 
11.91 6.94 | 
I t pe; - | 
Nitrous gas, i, a _— -- ef P| 
7] 1533 es 3-739 | 
t x I 
€arbonic acid gas, ~ _—— poids 24 — 
j 9-049 5.099 2032 | 
t r I | 
Ammoniacal gas, - ' — ee ee | 
358 295: Ps REGS Ova 


It appears from thefe vatiable experiments, that the dilatibility of the gale’ n= | 
ercafes progreffively, as they are raifed to higher degrees of temperature; but the I 
points of the thermometric fcale at which M. du Vernois’s obfervations ’ were made, 
are too remote from one another, and not fufficiently numerous, to indicate the m 
rate of this increafe. Till proper experiments be made for meafuring accurately 
this progreflive dilatibility, the following table may be of ufé. It is calculate: 
from M. du Vernois’s table, and contains the mean dilatations of the gafes for every 
degree of Fahrenheit’ 's fcale, from 32° to the points where the preceding t 
terminates, 


From 32° From 77° From 1228 cat | 
o- 

a | 

. pe dae | 


tm FRY te reset pe ok 
Atmofpheric air expands for’) pal I ef bie, ‘i 
every degree of tempera- — we ee \ 
ene, 579 252 ata . (Oe | 
*) Tee ie me * ea vs | 
ra ; fo t ups - si ty 
Oxygenous ga, me aN Hp I Ho 
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Wis had always been counaeyea as an areea <pettah e 


a very extenfive part in almoft all the phenomena of nature, ca- 


pable of appearing under a great variety of forms, and of enters” F 
ing into many combinations, without fuffering any alteration of — 


AREY 


its nature, or ‘becoming unable to refume its origina] condition... 


The late refearches, however, of Mefits. Lavoifier, Meufnier, De 


la Place, and Monge, have fhown, that water, as well as air, is 


formed of principles of greater fimplicity, which may be obtain 
ed feparate from each other. This important difcovery confti- 
tutes one of the moft brilliant epochas in the hiftory of chemittry. 

‘We hall afterwards fee by what means thefe philofophers were 
able to effect the analyfis of water; but we muft firft confider 
the phyfical properties of this fubftance. 


> § 1. Concerning the Phyfical Properties of Water. 
Natural philofophers défine water to be an infipid, ponderous, 


~ 


tranfparent, colourlefs, inelaftic, and highly fluid body, fufcep- — 


tible of the different flates of aggregation, from folidity to that 
of elaftic vapour. 


It is found in almoft every natural body: There are, notwith- 


flanding, many fubftanees with which art cannot unite it, Soak 
this is continually done in nature. It is obtained from wood, ’ 
and the moft folid bones: It exifts in the hardeft and moft « com- 
pact calcareous ftones, and forms the greater part of the fluids, 


and a confiderable proportion of the folid parts of animal ates < 


getable bodies. Thefe are the faéts that have becvaonnotes it to Sei ae 


reckoned among the number of elements. ie een 


The naturalift confiders water as exifting in large ere and: “ae 


filling the cavities or depreffed places on the furface of the earth. — 
Its natural hiftory comprehends that of the ice, which is eternal- oa) 


ly exifting on the tops of mountains, and i in the polar regions ; a 
the feas, lakes, rivers, and brooks ; ; of the clouds, hail, fhow, and 4 


rain. It is diftinguithed into terreftrial and atmofpheric waters; 


and its motion or tranfitions become a fubje& of macccmagiesl ; 


inquiry. ‘It fucceffively pafics from the furface of the globe into 
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he "attnofphiere! ‘ad from’ thé’ -atmofp Shere to the mountains, 

where it is Colle enfed into ftreams that are the ofigin of {pring gs 

“Wan rivers, by which it direéts its courfe to the grand refervoir, 

‘When we attend to the phenomena of this imménfe 

a water, and obferve its agitation by winds, its libratory 

Yor alternate rife and’ fall on the coafts, called the tides, 

atid its currents; when we perceive: “the effedts of thefé and 

¥ motions, by which mountains are gradually formed, har- 

g.in fome places deftroyed, inundations produced i in others, 

and other coatts again: left dry 5 when ‘we behold iflands rifing 

from the bottom of the fea, and others fubmerged ; ‘we cannot 

But acknowledge that water is one of the moft powerful agents 

tir nature. “If we tranfport ourfélyes in imagination into the valt 

8 of thé interior parts of the earth, we fhall again meet 

this aeheae acting in’ filénce in the formation of falts‘and cry- 

ftals, and depofitirig thern in the cléfts of the rocks. Thefe great 

fubjects form a part of the natural hiftory of water; but they 

cannot be properly explained, till thé phyfical and chemical pro- 
_ ~iperties of this fubfvance have’ been treatéd of. 

The moft ftriking property of water is, its quality of affuming 

the feveral ftates of folidity, fluidity, or ey aro Let us confider 

pect of thefe modifications. 


a 


Concerning Water in the Staté of Tee. 


Ice feems to be water in its natural {tate ; for the natural ftate 
- of a body, chemically confidered, is that in which it has the 
rose poffible aggregation. But a8 water is moft abundantly 
im the liquid ftate, this’ laft has been conftantly’ hiss 
‘natural ftate of water: 
_ MODE forniation’ of ik ice is attended’ fu? feveral condoriitaitt cir= 
"  gimiftances,. which well-deferve to be confidered: pol 
40 Abheat‘of fome'degrées of Reatfiut’s thermometer is pro- 
diced’ in the’ water by the aét of freezing, as is always the cafe 
when a liquid body is changed into.a folid. . This thermometer, 
plunged. into, the’ water beginning to- freezes will indicate a tem 
perature fome’ degteesabove’ zero’; thotivl another thermometer, © 
placed” ia the fuirounding atmiofphere, fufficiently ‘cold' to freeze 
aera remain at this point, or even-finkybelow it. It fol 
ows, therefore, that-a' portion’ ‘of the heat» which was’ fixed inthe 
Tigi water i8 diferigageil’ when it becoiies converted into‘a fo- 
QO iy 
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lid; and accordingly we. find the fpecific heat of ice infe 
that of water *, The fame heat i is obfervable in the eyaizatian 
of falts*. 4 hes 
a The accefs of air bt the te Nn of ice. Water’ in 
a well-clofed veffel freezes very flowly ; but if the veffel be open=— 
ed, it freezes much more quickly, and fometimes in the inftant 
of expofure to the contact of the air. This phenomenon is fimi= 
lar to, that which happens in the cryftallization of falts. Solu. 
tions of falts in clofed veffels frequently exhibit a fudden cryftalli- 
zation when uncovered, and expofed to the contaét of Bite: ai eK 

Lakh flight degree of agitation likewife accelerates this forma- 
tion; in which refpeét, alfo, we find a fimilitude between this 
and the cryftallization of falts+. By agitating certain faline foe 
Jutions. which do not ufually afford cryftals, it is fometimes found © 
that they are by that means produced. We have often feen this 
in folutions of calcareous nitrates and muriates. Thefe. analogies 
between the formation of ice and of faline cryftals prove that. the 
ue is obtained by a true cryftallization. _ nae we 

. Ice feems to have a greater bulk than the water had hefore 

was frozen, and even breaks, by its expanfion,, the yeflels in 
which it is formed®. It is not, however, the water. itfelf, which © 
has acquired a greater volume in this cafe; but the air which i ig 
feparated from the water during cbngelation 1 is the true caufe. of 
the increafe of bulk t 4. | 


ier bie Ee 


“The following are the Properties of Tee. - 


1. When flowly formed, its ceryftals have the figure of needles, 
crofling each other at an angle of 60 or of 120 degrees, accord- 
ing to the obfervation of M. Mairan.. Sometimes i its cryftalliza- 
tion takes, a determinate and regular form. _M.. Pelletier, the - 


* The extrication of caloric is manifefted by the: anetehte! ‘of temperature, whieh 
takes place upon the congelation of water which has been cooled below the freez- 
ing point ; ; but it is not true that the temperature. ever rifes, beyond that. point. — 
In fad, the ‘congelation ftops the moment the unfrozen part of the water has are 
rived at the higheft temperature which ice is capable of fiftaining ‘without mielt- 
ing; and in the natural procefs, the congelation is continued by the low tempetae 
_ ture of the air, and other furrounding bodies, which condu¢t off the heat, Ts 

+ See a Feper, Dy Dr. tery on this pice in Philg oft Phical, 7 ragfectigns fer 
70s. ke 

- $ The difficult queftion concerning he ipl of water ‘by freezing, We net 
yet well refolved. If it depended on the excluded air, it might ang ns ea : 
by proper management, to obtain ice more denfe than waters, Tsvj 1) | 


a 
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fcholar of D’Arcet, and member of the College of Pharmacy, ob- 
ferved, in a piece of fiftulous ice, cryftals in the form of flat qua- 
drangular prifms, terminated at the ends by dihedral pyramids, 
though with great varieties. If, on the contrary, water, in a con- 
fiderable mafs, be frozen fuddenly, it forms only an irregular fo- 
lid, in the fame manner as happens when faline liquids are too 
much evaporated, and cooled fuddenly. 

2. Its confiftence is fuch, that it may be reduced to auf fo 

{mall as to be driven by the wind.. In very cold climates the ice 
is fo hard, that it is cut like ftones, and has been employed in 
the conftruCtion of edifices. We are aflured, that even cannons 
have been bored out of ice, which have been charged with pow- 

der, and difcharged feveral times before they melted. 

3. Its clafticity is very ftrong, and much more remarkable 
than that of fluid water. Every one knows that a ball of ice, 
thrown on a hard furface, rebounds in the fame manner as other 
folids. 

4. It has a lively tafte, setniiatihaia to apdeias The im- 
preflion of ice on the fenfe of feeling is univerfally known. Phy- 
ficians employ it as a tonic or difcutient, &c. 

5. Its -fpecific gravity being lefs than’that of water, it fwims 
on the furface*. .This phenomenon, as we have already obferv- 
ed, arifes from a great quantity of air interpofed between its parte. 
The property of expanfion, by freezing, is common to many other 
bodies, fuch as butter, tallow, wax, &c.*; and is always owing 

_ to the air interpofed between their particles; for every fubftance, 

fingly confidered, is more denfe and heavy in its ftate of folidity 
| shan when fluid. | 

6. Its tran{parency is lefs than that of water, in confequence 

of the bubbles of air which it contains, at leaft in fuch maffes as 
are not regularly cryftallized. This may be eafily feen by an at- 
tentive examination of a piece of ice; and if the cavities be open- 
rea under water, the air is diftin@tly feen to iffue out in bubbles. © 

4 It melts at fome degrees of temperature above o° in Reau- | 
mur’s feale (or 32° of Fahrenheit), the liquefaction ptcnebiats 
gradually from the furface to the internal parts §. 

8. In its paflage from the folid to the fluid ftate, it produces 
cold i in the furrounding atmofphere. Modern chemifts think that 
it abforbs heat in melting; and that this abforption is equal with 
‘regard to the quantity of caloric which becomes fixed, and the 
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quantity of heat which is diferigaged when it pécomnes congealed, 
All bodies capable of ‘freezing and melting, exhibit the fame'ape 
pearance, oe to the different psec: whic h they — 4 
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_ The properties of fluid. water are mney diferent from thofeof 
ee ecaarhery Ss WR 3: Bhs. eho BEB wee polienael hers: 4 
1. It has much tefs tafe tart? icé, and is commiorily faid te bé 


siiptey yet’ thofe who habitually’ drink nite find differefices, 
which thow that it has a confiderable degree of tater 809 
ae Its elafticity is lefs; arid’ has been denied; in confequendé of —- 
the experiments of the Academy del Cimento. But the Abbe 
Mongez' lias proved, by an interefting feries of cpl | 
it’ is flightly elaftic; dnd even’ fiows,: that’ the’ expeririients*of 
thofe academicians confirm’ the fame, becaufe the metallie fpheres 
continued to exude drops of water after they had been taken 
from ‘under the prefs; which could nothave happerted,: if therwa- ; 
ter had-not been diminifhed,. as to peep arsine. by thecomprefs 
C O38 ORG. oak t Ags yolqacio caine g 


. Its {tate of liquid aertipicto gives energy tovits: force of | a 
Picarpregins ‘Hence it has‘ been: called the: grand: diffelvent of Py 
nature. In fad, it unites: with a great number ‘of bodies}and | 
fingularly favours their mutual’ combination. 

4. It does not feem to unite’ with light, which’ merely pailes 
through it.” It'is knows: that this laft ate" dager rte 6. 
into’ water, fo as’ to pafs'in a‘ more 4 perperidicular® direétion ‘than — 4 
before. , iia agalmecara uo 

gy Heat dilates\it, and converts it'into’ ‘the gafeous'ftate®, sips ae 
-ebullition confifts in’ this paflage® from the’ ftate of liquidit 
that of an’ aeriform fluid: This phenomenon cil om on 5 4 
part’ of the water’ having’ taken the form of an-elaftie i vid; and 4 
becoming infoluble in: the’ remaining’ liquid. Each bubblerifes 
from. the bottom,- atid” breake:at’the: furfuce,: where itis ¢ iffifed 
and dif ved: in the'air, © We have'explained' the pe 
tion at large in LS cian de Chimie; publithed in’ 17845 pi } 
. 334 ome ae we dertele wh) od belot. Say enor vit t lll is i ‘ 
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sie rie iboreceiver of, the air-p Piel or tf ich, a 
yee fae ions ; | 
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xt of the atmofphere has a fingular influence on the 
guanden wie Je: Iw proportion as this weight is greater, fo 
much the more does it oppofe the tendency in the water to af 
fume the form of vapour. This accounts for the obfervation of 
Fahrenheit, that the temperature of water im a ftate of ebullition 
is not always’ the fame. If the elevation of the mercury-in the 
barometrical “ube be attended to, it will be found that the tem- 
perature of boiling water is ae or rite eusgia: to that ele= 
yatlties tireihs 2s 9 aro (eA SIGS 
_ This influence of ~~ gravity oe air on ebullition muft tata 
place, efpecially at different heights in the atmofphere. So that 
water will, in: like circumftances, boil more eafily, and with a lefs 
degree: of heat om the mountains than in valleys, or on plains lefs 
elevated. Alb fluids afflume the vaporous ftate very readily at 
great heights: And, for this reafon, volatile liquids, as fpirit of 
wine, ether; alkaline or ammoniac gas, lofe the greateft part of 
their ftrength om high mountains; as has been obferved by phi- 
lofophers,: and lately by M. de Lamanon, at the height of more 
than 1800: toifes above’ the level of the fea. When the weight 
of the atmofphere: is taken off a veffel of water placed in the re- 
ceiver of an air-pump, we obferve it to boil with great violence, 
and become converted into vapour, though at a temperature not 
exceeding 120 degrees of Fahrenheit ‘. 
~Atthird circumftance which influences the ebullition of water, 
_ exclufive of heat'and the weight of the atmofphere, is the humi- 
dity or drynefs of the atmofphere. But’ this property, being en- 
tirely: chemical; will be attended’ to in the next paragraph. 
6. Tf water be heated in clofed veffels, with an apparatus pro= 
per to receive the vapours, thefe laft, whem condenfed by cold, 
form “diftilled water. By this means, it is’ obtained’ pure, and 
feparate from the faline and earthy matters by which natural wa- 


ters: aré: almoft always contaminated, and which do not rife with 


the’ vapour, Chemifts, who require very pure water for their 
experiments, procure it by diftillation.. They put river or fpring” 

water into a cucurbit of copper, lined with tin, to. which:a head 
of the fame metal, with a refrigeratory, containing very cold: wa~’ 
adapted; reat the diftilled: water'is ‘received in very’ clean” 

ve to be obferved, that, in.order to have. 
very. pure aor water. the veffels fhould, be ufed for no’ other. 
purpofe, ‘The veflels, intended:-to diftil: quicklys: fhould: be made’ 
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on the new. principles ; that is to fay, the cucurbit and its head 
thould be of a flattened figure, their horizontal being much long~) 
er than their vertical diameter. Water obtained by careful diftil~ { 
lation, thus conducted, is perfeétly pure. Chemifts formerly — 
made ufe of fnow or rain water; but it is at prefent well known, © 
that thefe waters often contain foreign bodies in folution, © 
_ Diftilled water has a flat or faint tafte, and caufes a fenfation 
ef weight at the ftomach; but by being flrongly agitated in con= 
tact with air, it acquires.a lively tafte, and may be drank with 
out. inconvenience. Diftillation makes no change in pure water, — 
except that of depriving it of the air it naturally contains, which 
gives it that frefh and lively tafte required to make it potable *. 
Boerhaave diftilled the fame water five hundred times, without’. 
obferving any change produced in it., Some philofophers have 
affirmed, at different periods, that water becomes changed into 
earth 5 becaufe, at each diftillation, it leaves a certain quantity of 
earthy matter at the bottom of the veffel. M. Lavoifier has made 
experiments refpeéting this fat. Having weighed the veflels he’ 
ufed in. diftilling water, as well as the quantity of water, and the 
refidue it affords, he has fhown that this earth is — but. = / 
matter of the veffels gradually corroded by the water*. 5 9) 


| Concerning Water in the State of Ve apour, or Eloffic Fluid, im 


When water is reduced to the ftate of vapour by the ree of 
fire, it acquires, peculiar PrOpEstioa which it had not in its two 
former {tates of aggregation |, 7 > do ove wer hi 

1. It is perfedtly invifible when snail in) sine stinadhiii 
provided the thermometer ftands higher than 65° mens and the — 
air be not already 1 too highly charged with humidity... 

2. If, on the contrary, the atmofphere have a setiipeteabais be- 
low. ce degrees, and be charged with humidity, the vapour of wa- 
ter, forms a whitith cloud, fenfibly opake ;, which’ arifes from the 
vapour. not being abforbed, or diffolved by the humid air,.as we 
thall afterwards explain, and, confequently to a true precipitation.) 


* In addition’ ‘to thefe obfervations \ ‘on fluid ‘water, it may be obfurved, chat its 
ids ceafes to increafe: wher the evaporation has arfived at a ‘certain aagiek 
of rapidity. 5 that this flationary point is higher in proportion to the difficulty = 
vapours find in making. their efcape; that if the vapour be telly. Call ogether., 
from. efcaping, ; as As done i in, ‘the digefter of Papin, it will acquire, b ie eae 4 
tion of heat, a ‘temperature approaching to ignition, and will ‘ifm ve or 

¢arths and other bodies; v which in other cafes it does not t fenfibly affed. 
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, 3. Its dilatation is fuch, that by the moft accurate computation, ° 
it is found to occupy eight hundred times the fpace it poffeffed in 
the fluid form ™, according to Mr. Watt. 
4: Its elafticity is fuch, as to produce the moft terrible explo- 
fions when confined. This power is ufefully employed in me- 
chanics, of which application the engine for raifing water, com- 
monly called the fteam engine, is an admirable een oe 
known both to philofophers and artifts ®. 
-§.* According to one of the moft conftant laws of the affinity 
of compofition, it has a ftronger tendency to combination in this 
ftate, wherein its aggregation is the moft feeble, than in either of 
the two others. Chemifts have frequent occafion to obferve with 
what rapidity water, in the ftate of vapour, diffolves falts, foftens 
extractive and mucilaginous matters, corrodes and calcines me- 
tals, &c. 
6. It is perfe€tly diffolved in air. ‘When it is flowly depofited 
out of the atmofphere, it conftitutes dew. This diffolution is 
performed in the fame manner as thofe of falts in water, as M. 
Le Roi, phyfician at Montpellier, has fhown in an excellent dif- 
fertation on the elevation and fufpenfion of water in air. Mé- 
langes de Phyfique et de Meédicine, Paris, 1771, 8vo. 
7. One of the moft fingular phenomena refpe€ting water in 
a ftate of vapour, is the property it poffefles of accelerating the 
combuftion of oil when on fire; as is feen in the experiment of 
the eolipile applied to the enamellers lamp, or to common fires 
of pit-coal or wood, or fats in a ftate of inflammation, which 
cannot be extinguifhed by water, and even the burning of which 
it increafes. ‘Thefe phenomena induced Boerhaave to conclude 
that flame is, for the moft part, compofed of water. We fhall 
prefently fee that this happy conjecture of Boerhaave, nearly ap- 
proaches to the modern difcoveries on water; as we fhall fhow 
that this fluid increafes the flame, in confequence of its being 
itfelf decompofed by the combuttible bodies. 
8. Laftly, Water in the form of vapour, and diffolved in the 
air, is condenfed and precipitated in part when expofed to a 
degree of cold fome degrees above the freezing point, it then 
refumes its liquidity, as is feen in the falling dew. Sometimes, 
when the cold is beneath the freezing point, it is converted into 
fimall cryftals of ice. Such is the origin of thofe ramified in- 
‘eruftations of ice formed on the internal furface of the glafs in 
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windows during intenfe. frofts ; 5 and). sinabiaten caufe tela 
and other very cold, climates, eeaptet the meifture of the breath - 
into a kind of fnow. Ayiatugp eng cot gieteaaelt habs ited 
Vader tu! re: ta a eh 
sai me 2. Concerning the Chehiead Properties of Water. er att | 
yeDbexss is no. body fisheeptible of a greater number of .combina- 
tions than water; hence it has long been called ‘the grand fole 
vent of nature. It is on this. account that) the waters of the 
fea, of lakes, rivers, {prings, and fountains are very far from be- ° 
ing pure, and always SPR various fone matters, efpecially 
faline fubftances. 9° dfs Ming th sints raat ae 
Water may. combine mneh air in tec ‘diferent mat Seorle 
may abforb this elaftic.fluid, and become charged with it while 
in its liquid ftate. It is to its combination with air that it owes — 
its frefh and agreeable tafte. The exiftence of air in water has? 
long fince been difcovered by means of the air. pump; for in 
proportion as the air above. the water is exhaufted, the efcape 
of bubbles fhows that it likewife contained air. By diftillation of — 
water im the pneumato-chemical apparatus, air is obtained. When 
_ water is boiled, the firft bubbles are caufed by the efcape of ait, — 
and the lively tafte no longer remains; but this_laft is reftored © 
by expofure to the air, or more quickly by agitation therein. — 
as The air diffolves water, and renders it elaftic, and’ invifible © 
when it poffeffes a certain degree of heat; the hotter it isy the — 
more water it will hold in folution. M. le Roi, phyfician at 
Montpellier, has examined very minutely into. the tats, of the” 
water in the atmofphere. Phe ingenious experiments ; 
made, fhow that heated air,’ apparently dry, when enclofed. 
glafs veffel, depofits, on cooling, the ‘water it was overcharged — 
‘with, which appears in drops; that thas avant ci dienes t ac- 
cording to the temperature of the air ; ted di 
sing the night, and conftitutes. a siecle Jind) of pany He “alt 
thinks, there is reafon. to. conclude from thefe facts, . that the vas — 
riations of the weight of the atmofphere depend in Part ie 
this. with sila abounds more or ihe as the tem i 
varies °. oe othe eeelie: a6 are oe te 
T hiougls the Cw we re seein Sos to require that we — 
fhould not yet énter into the confideration of faline matters, we — 
os _muft, neverthelefs, obferve in this place, that water diffolves ete? 3 
matters = sae seets and. always contains. mashes: -oportion 
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them. Calcareous falts, in. particular, are fubftances which com. 
amunicate difagreeable and often noxious qualities to the waters 
of wells, brooks, and rivers. The carboni¢ acid, clay, iron, 
and. the extraéts of vegetables altered. by putrefaction, are like- 
wife found in waters. Waters thus vitiated, are very unfit 
~ to be ufed as drink; fuch as abound with calcareous ¢arth are 
~ galled. crude or hard water; their tafte is flat, and they pro- 
duce a fenfe of weight on the ftomach ; they retard digeftion ; 
fometimes they haye the effect of purgatives, and the ufe of them 
may even be productive of dangerous confequences. It is theres 
fore very neceflary to poffefs the means of knowing them, of de- 
termining with what fubftances they are vitiated, and of extra¢t- 
ing thofe fubftances, where it can conveniently be performed. 
» Water proper to be drank is diftinguifhed by the following 
charaéters: Itis very clear and limpid, its tranfparency being 
altered by no foreign fubftance; it has no kind of {mell; its tafte 
is lively, frefh, and in.a manner penetrating ; it boils readily, and 
without lofing its tranfparency by the feparation of any fubftance; 
_ itdiflolves foap, fo as to form an homogeneous. fluid without 
- dlouds or lumps; it boils leguminous vegetables without com- 
municating hardnefs to them. On. the addition of the liquids 
_ called re-agents, fuch as alkalis, or the nitrous folutions of mer- 
cury or filver, it does not fenfibly lofe its tranfparency. . And, 
laftly, it-paffes readily through the ftomach and inteftines, and 
promotes digeftion. All thefe good qualities are found in the 
water of a {pring or a river which pafles through a fandy foil, is 
agitated by a conftant motion, and is not charged with putrefy- 
ing vegetable or animal matter. It is a neceflary condition, 
- therefore, that no common fewers or drains thould pafs into it; 
_ that/its current fhould not be impeded or rendered flower by ob- 
ftacles, or by the water being drained off in too great quantities; 
_ that the watering of hemp, or the wafhing of clothes in foapy 
- lixiyiums fhould not be performed in it, &c. &c. On the con- 
trary; fuch waters as ftand without motion in fubterraneous ca- 
_ vitiesy which come.from a calcareous or gypfeous foil, have no 
teal current, abound with plants and infects, have little depth, 
and reft on a muddy bottom, compofed of putrefied vegetables, 
-poflefs.properties altogether the reverfe of thofe we have point-— 
_ edsout asgood.. Their tafte is either flat or naufeous; their. 
~‘fmell mouldy. or lightly putrid 5. their colour often green or yel- 
2. 4 
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lowith, with mucilaginous or fibrous green or brown remains of 
vegetables in a ftate of putrefactiow floating therein; they give 
a green colour to vegetable blues ; become turbid by. boiling’; 
form clouds with foap ; harden pulfe by boiling ; afford precipi- 
tates more or lefs abundantly by means of the re-agents; and, 
laftly, they produce a fenfe of weight at the ftomach, pafs with 
difficulty through the inteftines, and impede the cme of the 
digeftive powers. EIS) 
To corre&t thefe bad qualities, feivevel vivian are camped 
eniticely grounded on chemical or phyfical confiderations. = 
_ 1. Stagnant waters are fet in motion by digging a canal with 
a proper declivity, where the ground will admit of it; agitating 
them by means of mills, or caufing them to pafs through the air 
in the form of jets, cafcades, &c. Thefe methods facilitate the 
evaporation of the noxious gas and putrid {piritus re€tor the wa- 
ter may contain, caufe impurities to fubfide by uniting them into 
_ larger maffes, and occafion the par yianna ee a proper araacaiinn ne 
atmofpheric air, &c. Pee ae rel! 
2. Marfhes and ftanding waters are to be chee by cisiyiagh 
away the vegetable and animal matters which are fufceptible of 
putrefaCtion, and which prevent the due lorne’ and. mapa ei: 
agitation of the water. 
3. Water is filtered in jars or other caarechs whofe beetirtg | 
are covered with fine fand and fponges; thefe are to be renewed 
from time to time. ‘The beds of {mall rivulets are cleared of the’ 
mud, and a proper quantity of fand placed inftead thereof.’ © + © 
- 4. Thefe methods purify water, by feparating the heterogene- 
ous matters that float therein, but do not deprive it of the faline’ 
fubftances it may contain. To feparate thefe, it muft be boiled’ 
and decanted after fubfidence, or filtrated through paper, or clear — 
white fand, and expofed to the air in fhallow earthen or ftone 
veffels. It may then be ufed for common drink without danger; 
for ebullition takes away the difagreeable flavour, and caufes a 
part of the calcageous falts to precipitate from hard waters. Was’ 
ter for thefe purpofes fhould be kept boiling for half an‘hour, or’ 
till it has acquired the property of ea foap, or boiling pulfe,: 
~ without rendering them hard. th a dees 
s. If ebullition be found infufficient to ipitive waters” of the’ 
calcareous falts, as:commonly happens when thefe matters‘are in 
great abundance, a {mall quantity of potafh muft be annem in te 
by 
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boiling 3 ot, if that be not at hand, wood afhes may be ufed. 
Thefe occafion a precipitation; and the water, after decantation 
and expofure to the air, is perfeétly wholefome. 

6. Subflances proper to counteract or prevent the bad effeets 
or noxious qualities of water may be added, fuch as fugar, honey, 
meal, barley, wheat, pot-herbs, or labiated and aromatic vege. 
tables. But thefe additions do not communicate the lightnefs and 
other good qualities of pure waits and, in fact, ‘al fubftitute 
one tafte for another P. 
_ This account of the chemical properties of water aves not ex 
tend to the confideration of its power as an agent in combina- 
tions, into a great number of which it enters; but in many of 
thefe it fuffers a fingular alteration, which has not been till with- 
in thefe few months difcovered (April 1784), and which deferves 
all the attention of chemifts. It has been long known that wa- 
ter, in certain cafes, favours combuition, as in the enamellers 
lamp, the inflammation of oil, at great fires, &c.3 and fome phi- 
Jofophers have thought it might be concluded from thefe facts 
that water is converted into air. It is to feveral French acade- 
micians that we are indebted for a more accurate knowledge of 
thefe phenomena of the nature of water. Lavoifier having re- 
marked with Mr. De la Place, that when inflammable gas is 
burned with vital air in clofed veflels, pure water is produced (a 
fa&t which Mr. Monge obferved, with the greateft precifion, in 
the laboratory of The School de Meziere, nearly at the fame 
time with himfelf), thought it juft to conclude, that water was 
formed in this experiment by the combination of pure and of in- 
flammable gas, which he regarded as its conftituent principles, 
_ "This theory of the nature of water, by which M. Lavoifier de- 
prived it at once of its prerogative as a fimple body and as an 
element, met with fuch oppofition, as convinced him that the 
' decompofition of water was a proof neceffary to be added to the 
fynthetical examination of that fubflance. He therefore enidea- 

voured to decompofe this fluid, by prefenting to it fuch bodies as 
| might be expected to feparate one of its principles. He affociat- 
ed himfelf with M. Meufnier for the purpofe of making thefe in- 
quiries ; and thefe two philofophers read a Memoir at the Royal 
» Academy of Sciences, the 21ft of April 1784, wherein it is prov- 
ed that water is not a fimple. fubfiance, but is compofed of the 


ma of inflammable gas and pure air, or oxygen, which may be 
of. I. 
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eafily feparated from each other. ‘To obtain them. feparate, Me, 
Lavoifier firft made ufe of the following procefs : He placed ina 
fingll _glafs veffel, inverted over mercury, a known. quantity of 
very pure diftilled water and iron filings. The metal was gra- 
dually and flowly calcined, and.an elaftic inflammable fluid was" 
collected above the mercury; the quantity of water Heconaiia 
lefs in proportion as the two phenomena were produced. ‘After — 
a length of time, the iron may be had entirely calcined, and the 
water totally decompofed ; for it is this fluid, which, according | 
to Mr. Lavoifier, affords the. inflammable gas, and calcines the 
iron. As it is compofed of oxygen and the bafe of inflammable 
gas, the iron by degrees attraéts and combines with the. former, 
with which it forms a metallic-oxyd, at the fame time that it dif 
engages the inflammable gas. Such was the firft experiment. by 
which this learned chemift decompofed water ; but in his expe- 
riments with Mr. Meufnier, he employed a much more fhiort and 
conclufive procefs.’ He caufed water to pafs, drop by drop, 
through a gun-barrel, placed in a furnace, and ‘kept at a red heat: 
The water in the ftate of vapour is decompofed by the contact of 
the iron; the oxygen it contains becomes fixed’ in the iron, as is 
pr oved by the augmentation of its weight, and the fingular altes 
ration it undergoes; and the bafe of the inflammable gas, fet at 
liberty, pafles fwiftly through the gun-barrel, and is received in 
inverted giaffes, properly adapted at the other end. By repeating 
thefe experiments with all poflible accuracy, thefe. philofophers 
found, that water contains fix parts of oxygen united to one of — 
the bafe of inflammable gas, and confequently that this laft con- 
ftitutes only a feventh part of the compound ; ‘that it is ‘nearly 
thirteen times as light as atmofpheric air, and’ may occupy | ae 
{pace. fifteen hundred. times greater than it pores? in 1 its a 
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Water appears tb be capable of ating in the fame eee 
many other combuttible bodies, and reduces them, with different 
degrees of facility, to the ftate of burned bodies, affording at the 
fame time inflammable gas. - In this manner, it has been decom=— 
pofed by zinc, charcoal, and oils. ~The experiment with this Jaft 
mentioned. fubftance, i is made by letting water. fall, drop by drop, 
into boiling oil, in a retort, whofe neck is plunged i in water beneat 
the ufual pneumatic chemical apparatus; but it requires great 
precaution to oh sak the explofions which isi place from oe was 


| WATER a7 
ter rifing * in the rleck of the retort, im confequence of the ya- 
caum, formed. within. during the ebullition. In, order to know, 
whether, a. combuttible body, as.a,metal er charcoal, &c. is. cas 
~ pable. of: decompofing water, riothing mote is neceflary, than to 
ge it red hot into.a veflel of water, over which is.inverted a 
glafs veflel, likewife filled with the fame fluid. The inflammable 
Gass whith. is alvays. diferigaged when water is decompofed, wilh 
be colle@ted under the glafs veffel. This is the caufe of the bub- 
produced by plunging red-hot iron into, water, and the ins 
flammable air colleted in that cafe, as has been obferved by. 
Medirs, Haffenfrath, Stouttz, and d’Hellancourt, of the Royal Mis 
_ neralogical. School of. France; The fame difengagement of in« 
- flammable. gas, produced by the decompofition of water, takes 
place. when ignited charcoal, is plunged therein, 

Thefe aré the facts lately difcovered concerning the nature 
and compofition. of, water, Mefirs. Layoifier and Mewfnier there- 
fore think that this fluid i is, compofed. of fix parts. of oxygen, and 
one. of the bafe of inflammable gas} Of, more accurately, 0,86 of 
the former, and 0,14 of the latter of thefe fubftances: That irons 
charcoal, and oils, haying a greater affinity with oxygen than the 
lak has, with the bafe of inflammable gas, feize it; and.decompofe 
the water, entirely ;, the inflammable air efcaping in am elaftic 
form : That, water is recompofed: by burning thefe two kinds of 
air, together, which, if carefully performed, affords. a. quantity 
equal in weight to. that of the two fluids madé ufe of That was 
ter is thus produced in a great numtber of chemical operations; 
as for example, when fpirit of wine or oils are burried under a 
chimney, adapted to the worm-pipe of a ftill, whofe other extre- 
mity is adapted: to a recipient, a quantity of water is collected; 
which is:almoft always greater than that of.the inflammable fluid 
made; ufe of;, which is occafioned by the inflammable gas of thefe 
liquids. combining with the vital air of the atmofphere, by. which 
‘aig combuftion i is maintaineds 


i * "This very Ssmhe. pt Aifagigenbie grcideat, devendasit, on ptenrity operas - 
tions, is prevented by Mr, Babington, of Guy’s Hofpital, by a fimple ahd ingeni- 
ous contrivance. The part of the apparatus plunged in the water is made of a 
confiderable diameter, and is immerfed to fuch a depth, that the fubfidence of the 
external farface of the water is fafficient to fuffer air to enter, before the internal 
water has rifen fo as to reach.the body.of the veffel. In, cafes where the admiflion 
of atmofpheric air would do harm, he injects phlogifticated air, when the, afeen 
ofthe water fhows-it to be necefliry. T. 
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MLM. te aaieank ‘and Deiman ee adeoitees that was | 
ter'is decompofed by the paffage of the eleétric fpark; and that | 
it Is feparated into two elaftic fluids, which inflame and recom- . 
_ pofe water, when this {park is excited in them. This beautiful 
. €xperiment affords a futihcient anfwer to the greater: part of the 
objeGtions which have been made to the decompofition of this 
fubftance.' See “peel de sa sits for 1 783 , and the Ann. de Ail: : 
tom. 4. | 

Thefe difcoveries, and the theory thefe philofophers 1 have de- | 
_ duced from them, will, no doubt, conftitute one of the moft bril- 
hiant periods of philofophical fcience. But as it is of the utmoft 
confequence’ to examine the refults and: confequences with all — 
poffible care, we think it proper to make fome obfervations in 
this place, in order to renee this suit! more e clear and accu- 
fate. : teens tast hat. 
We have siiebabed: that all aeriform fluids owe et gafeous . 
ftate to the matter of fire or heat which is united to them. | It is 
the fame with inflammable gas. Now, as the decompofition of | 
water, and its converfion into inflammable gas, never take place 
but ‘at a temperature confiderably elevated; and as its rapidity i ig: 
greater in proportion as the heat is ftronger ; we fee that this gas | 
does not poflefs the acriform ftate, nor acquire fo much levity, 

but becaufe its bafe, which partook of the liquidity of the water, 
abforbs a great quantity.of heat; fo that it cannot’be obtained 
but in this flate of extreme fufion. | It is neceflary, therefore, to. 
give a name to this bafe of inflammable gas, which, when it is’ 
combined to that of vital air, or oxygen, in water, may even be- 
come folid, as is conceived in ice. This bafe, confidered as one. 
of the effential principles of water, ought to have a name expref- ' 
five of this property. We have adopted the word hydrogen, 
which very well anfwers the propofed intention: We fay,’ there- 
fore, that water is a compound of the bafe of vital air, or oxygen, 
_ and the bafe of inflammable gas, or hydrogen; and as many bo- 
dies are inflammable in the ftate of elaftic fluids, fuch as alcohol, | 
ether, the ‘volatile oils, &c. we diftinguith this principle of wae 
ter, in the aerifornr ftate, by the words hydrogenous gas. 

We fhall return to this important fubjeCt in another chapter. ms 
It is fufficient to have fhown in the prefent, that water is not a 
fimple fubftance, but is fufceptible of decompofition, Nature, i in 
the large way, effeéts the difunion of its principles with much, 
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more facility, and by a greater number of procefies than art pof- 
fefles. It is by its decompofition that water ferves to purify the » 
atmofphere, by emitting vital air; that large quantities of inflam- 
mable gas are difengaged from ftagnant water; that the atmo- 
{phere. is fometimes fo highly charged with it, that the re-efta- 
blithment of the equilibrium of the eletric fluid fets it on fire, 
and gives rife to fiery meteors; that water contributes to the for- 
mation of faline matters, acids, of which oxygen is conftantly 
one of the principles. Laftly, This brilliant difcovery of the 
principles of water, its decompofition and recompofition, throws 
great light on many phenomena of nature; and, in particular, on 
the renewal of the atmofphere, the folution of metals, vegetation, 
fermentation, putrefaction ; as we fhall fully explain in the feve- 
ral chapters of this work 9. | 


NOTES ON CHAPTER VII. 
[Page 216.]} 


2. Tue quantity of caloric difengaged during the converfion of a pound of wa- 
ter into ice, is, according to Dr. Black, the original difcoverer of this important 
faa, equal to 140° of Fahrenheit. Lavoifier eftimates it at 5° lefs. See Crawford 
on Animal Heat, p. 72, 73. Laveifier’s Elements of Chemifiry, Edin. edit. p. 432, 433+ 
_ 6b When water is cooled down to 40° of Fahrenheit, it ceafes to contract by the 
farther diminution of its temperature, but, on the contrary, begins to expand till 
it arrives at the freezing point, when an inftantaneous and more confiderable ex- 
2 panfion occurs. ‘This fact was firft noticed by De Luc, and afterwards confirmed 

iad Sir C. Blagden. See Pdi. Tranf. Vol. LX XVII. 

© The force with which the water expands, while converting into ice, is fo 
grist, as to be almoft incredible. Several philofophers have endeavoured to mea- 
fure the degree of this force ; and from their computations it would appear that 
the expanfion of a cubic inch of water, during its converfion into ice, is fufficien:t 
to raife a weight of 2700lb. The knowledge of this fact affords a ready explana- 
tion of the manner in which trees are often fplit, and even the hardeft rocks rent 
afunder, during intenfe froft. 

d This explanation is by no means adequate to account for the phenomenon. 

The force with which the ice expands is greater than what can poffibly arife from 

the fucceflive difengagements of {mall portions of fo compreflible a fluid as air; 
and befides, it is known that the volume of a given quantity of water, deprived 
_ completely of its air by boiling, or by means of the air pump, is very fenfibly in- 
creafed during its converfion into ice. We are, therefore, inclined to afcribe, with 
' M. Mairan (in his Defertation fur la Glace), this increafe of bulk to the new, re- 

" gular, and cryftallized arrangement which the particles of water affume in freezing. 
_ © The fpecific gravity of ice is faid to be about r-roth lefs than that of water 5 
_ but it maul Ad 2 es in persons to the quantity of air which the water 
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contains, ‘the degree of cold to which it is expofed, the fuddenriefs hike soley, 
tion, &c. Hentce ice fetmed from water previoufly deprived of its air is s fons, 
be-harder, more tran{parent, and heavier than common ice. fi haope’ 
f This expreflion i is perhaps too general ; for not only water, “but fome a the 
metals (iron for exafnple), appear to expand a little in pafling from the diquid: to 


the folid'flate. We havea proof of this in the very ante iat ash vee ‘hietals 


receive from the moulds in which they are catt. a. ee 
§ Ice evaporates alfo at a temperature below that at which it melts into water. 
This is proved not only by the difappearance of hoar froft from polifhed plates of 


metal during their expoftre to dry frofty winds, but alfo by direct EaPRT EAS: in 


which the weight of 'folid pieces of ice was diminifhed by expofiire in the finite 
circumftances. This. evaporation or folution of ice in air takes: place likewife in 

fituations where there is no current of air, and even in air confined ip clofe vef- 
fels. Sauffure relates an experiment on this fubje€&t, which feems to be deferving 
of notice. Into a glafs globe, containiny about a cubic foot’and a quarter of - air, 
he introduced: a {mall linen roller, which had been previoufly moittenéd with’ wa- 
ter, and congealed by expofure to the cold. In this flate the roller weighed 25 s003 


‘grains, ‘The temperature of the air in the room was kept at 2° 7-r0ths below ZEIQ 
of Reaumur’s feale. At the end of 24 minutes, a hygrometer placed i in the globe By: 
plainly indicated an increafe of humidity in the air ; and this increafe continuedta 


- go on for three hours. During this period, the roller loft 1 78-100th grains in 


weight. See Phil. Tranf. Vol.’ L&I. "p. 326. Sauflure’s “E/ffais fur 0 Higreaiieteg) i 


p- 186, 353. 


h Mr. Kirwan has made fome ufeful experiments on the expanfion of -water by 


caloric at different degrees of temperature. He finds the weight of one cubic inch 
of water to be 253,182 grains T'rdy, or the weight of one cubic foot'to be 1008. 


Avoirdupois ounces, when the temperature of the water 1s at “62° of ‘Fahrenheit. 


See Phil. TLranf. Vol. LXXVv. p, 207. =. ne 

i Mr. Watt found that water would diftil’ readily in a ‘vacuum, W ‘whe nif of the 
temperature of 70° of Fahrenheit; and that‘in this cafe the combitied caloric of 
the fteam is not lefs than 1200 or 1300 degrees, 


k It appears ‘from the experiments of Scheele, Prieftley, aka dihtts ‘that ‘water be 2 


abforbs the oxygenous part of atmofpheric air in preference to the azotic, When 
we expofe water that has been deprived of its air toa given quantity of atmofphe- 
vical air, this air is gradually diminifhed in volume and purity, and the air abforb- 
ed by the water is found to contain a greater proportion of oxygen gas ‘than is nae 
turally contained in an equal volume of the atmofphere, 

1 Dr, Black firft difcovered that water, in paffing from the liquid ftate to that 
of an elaftic fluid, abforbs a quantity of caloric, which becomes latent, or whith 
does not add to its temperature. He endeavoured to afcertain the quantity ‘of this 
caloric, by comparing the time neceffary to raife the temperature of water a cer- 
tain number of degrees with the time neceflary for its evaporation in, the fame cir- 
cumftances. From. his experiments, he computéd it to be not lefs than Beo® “of 
Fahrenheit. By his diredions, Dr. Irvine of Glafgow tried to meafure the -quan~ 
tity of caloric given out by fleam during its condenfation in the refrigeratory “of a 
common fill, and found it to be not lefs than 774°. Mr. Watt, who re peated 
with great care the experiments of thefe two philofophers, Nitnatter the q uantity 
of caloric evolved during the condenfation of fleam at 95° ay a ce Phil. 
Tranf. 1784, P. 352+ pe 

™ From an experiment made by Dr. Black and Mr. Watt, it ee found that 
water in the form of fteam occupies a fpace 14Co times “greater than ‘in its ordinary 
liquid fate. 
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Temperature. . 
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© Various attempts have at different times been made to nneigiee 
‘force’ of fteam in different degrees of temperature. 
_ that the experiments made with this view have not been fnfficient'y. + humers 

afford any very extenfive fcale, 
Steam, in thet7th volume of the Eacyclopedia Britannica, is the fulle ft 

“ome within 'my notice. The reader will do well to confult the whol. « 

‘ticle, as it contains much curious and original information, expre.!id . /) 2. 
perfpicuity, elegance, and precifion. Column firft indicates the tempeeniues © 
which the fteam was fubjected; column fecond, the elafticity ‘of the fteama in 

‘different degrees of temperature, as afcertainied by the wie (in inches) of the 
‘  stegiag in the barometrical tube, 


It-is to be reéret 


The following table, taken ison 


0,0 
0,1 
0% 
0535 
0355 
0,82 
1,25 
1,6 
2325 
30 
3395 
5,55 
6,72 
8,65 
11,05 
14.05 
17385 
22562 
2.8365 
35,8 
44,7 
54,9 
66,8 
‘80,3 
94,1 
105,49 


| 9-Phe folubility of water in air is a fat highly deferving of the attention of 
= - ghémitts, 4s this circurnftance may often occafion confiderable variations in the 1e- 
¥ _ fault of expetiments which require great degrees of accuracy. ‘The property o “ab- 
ao “forbing water does not féem to be confined to atmofpherical air, but to be com- 
_ mon to moft, if not all, bodies capable of affuming the elaftic form. Our knov,- 
aS “dedge of this fubje@ i is, hoWever, at prefent extremély limited; nor has it hitherto 
© obtained that attention which its importance demands. Sauffure (Z/2is, p. 231.) 
Jates fome experiments which prove the folubility of water in hydrogenous gas, 
Be in carbonic acid gas; Bat lic has omitted to mention the quantity need fluids 


“are’capable ‘of diffolving. 
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le 


ft be confeffed, greatly below what fome very 


refpectable authors have made it. M. Lambert of Berlin afferts, that a cubic foot 
of air is capable ef diffolving 342 grains of water, which is nearly 0,43 of its whole 


, 


is rea- 


. 


Morveanu, 


der ite 


ordinary preffure is capable of holding in folution 11 grains of water. That eft 


mate, taken from Sazffure, 


ir un 
The eftimate 


iton 


i 


694. See Kirwan on 


6,251 grains. But there 


ygenous gas may contain 9 
fon to fufpeét fome fallacy in the experiments of thefe philofophers. 


is, it mu 
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med by fome very accurate experiments of Gu 


led in the article ir of the Encyclopedie MMethedique, Pp. 


Phlogifton, p. 25, 27. 


. 
1 


The circumftances which moft fenfibly affect the folubility of water in air is the | 


In a former note, I remarked, that a cubic foot of atmofpherical a 
weight. Mr. Kirwan alfo, from an experiment of his own, was-led to conclude — 


that a cubic foot of ox 
of Sauffure is 
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fects of temperature. Table II. the dim 
folving power of the air in confequence of its 


temperature and denfity of this fluid. 
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| » The feale of temperature in this table extends from 10° below zero to 30% 


above it in Reaumur’s thermometer. ‘The divifions include only five degrees. In 


order that the reader may underftand the degrees of the hygrometer, it is only 
' neceffary to remind him that Sauffure employs the elongation of hair as the mea- 
-fure of the humidity of the air; amd that the feale of his hygrometer, from the 


* peint of extreme drynefs to that of extreme humidity, is divided into 100 degrees. 


; ABLE Il, Of the Diminutions of the Diffolving Power of the Air in different 


tr) ee 


Degrees of Rarefaction. 
¥ Height of Barometer. Experiments of the Diminutions. 
Inches. Lines. 
. RP RPL: 9 ots Lay en < T oa 1,0000 
y 23° 7 1-half - - . 0,9528 
20 Oni wT: ~ + - 0,8899 
16 to 1-half - - - 99,8264 
13 6 - - Sere 0,7629 
Yo r r-half - - - 0,6887 
6 9 - - © om iy 0,6230 
3 4 I-half - - - 0,4315 
® 2 1-half - - - 0,048 5 


Dr. Hutton of Edinburgh has made a very happy application of our knowledge 
ef this fubje& to explain the production of rain. ‘The diffolving power of the airs 
he obferves, muft be cither in the fame ratio with the increafe of temperature, or 


. it muit be in a lefs or ina greater ratie. fin the fame ratio, the temperature of 


- 


_. two equal portions of air, faturated with water, and mixed together, at different 
_ temperatures, will be found to be the arithmetical mean between the extreme tem= 
‘peratures ; fo there will be no precipitation of water. If in a lefs ratio, then it is 
evident that the mixtures of two portions of faturated air, at different tempera- 
- tures, will produce no condenfation of water ; but, on the contrary, will be capa- 


| aes of diffolving an additional quantity of that fluid. If in a greater ratio, the 


| 
| 


ixture of the two faturated portions of air will produce a condenfation of water. 
hi is this laft cafe only that can be applied to explain the phenomena of vapour, 
and the formation ef rain. According to this hypothefis, therefore, whenever two 
' ftreams of air, or two contrary winds, of different temperatures, meet together, 
vapour of rain muft neceflarily be produced. For the numerous facts in proof of 
this ingenious theory, fee Differtations on Different Subjeéts of Natural Pbilofophy. 

It may not be improper to remark that water exifts in the air alfo in a vifible 
form, as in fogs, clouds, &c. Sauflure calls thefe vapours veficular, becaule, like 
fteam, they confift of veficles, or {mall hollow fpheres. In this ftate there is ne 
true combination, but merely a mixture of the particles of the water with the air. 
‘Sauffure conjectures that it is the electrical Auid which furrounds thefe veficles, 
_ and prevents them from diffolving in the air, and forming with it a true combina- 
tion. Thefe veficles exift only in an atmofphere faturated with vapour, and are 
faid to be from 1-380 to 1-199 of a line in diameter. Ejais fur PHygrometrie, 

1. 28%. 

_ P Count Rumford, lately Sir B, Thompfon, has made a fingular discovery with 
refpect to the non-conducting power of water for caloric. It had always been fups 
poled that caloric was diffyfed in all directions through water in precifely the fame 
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“manneras’ through folids of every kind. “From a feries, however, ‘of inigenioudly | 
“eontrived « experiments, this philofopher has been led to infer, that ‘although ‘the 
sain of water receive caloric from other bodies, and comraunicate ‘it' to ‘thena 
again, yet that among the’ particles of this fluid themfelves ‘no comnrinication of — 
*éaloric whatever takes place. -Caloric, according to this hypothefis, is diffafed in 
“water folely by the motion of thofe particles’which have had their fpecific» gravity 
increafed or diminifhed in confequence of a change in the ftate of their tempera. 
ture. This diffufion, therefore, may be obftructed, either by diminifhing the Aiui- ; 
“dity of water, of by mixing with it fubftances that’ mechanically retard the motion 
of its particles. ‘The effect of thefe cafes is very fully evinced by a number of 
comparative experiments, 

The bulb of a very fenfible thernrometer being placed in a proper apparatus, 
ftarch in water, ftewéd apples, and a mixture: of water with cider down, ss in - 
this fituation fubjeGted to different degrees of temperature. The two following 
tables exhibit the refults of a-great variety of experiments. 


. Through pure } 


7 


comiemeeenl . 


‘fn ‘heating)} 

‘the ‘therm. 

“from 32° to (; 
9 


ser 3 


Total time’) | 
‘in heating [° 
‘the inftru-" 
ment from 
232° ta 200? }; 
Time iin 
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wine thermometer, this philofopher was led to-contrive the ‘means of exhibiting 

to view thofe internal motions-of the particles of water which accompany every 

Ad change i in the ftate’of its temperature. To render this motion vifible, he mixed a 

4) {mall quantity of ‘amber, finely pulverized, with water, the fpecific gravity of 

which had been Yaifed to the fame flaadard by the addition of an alkaline falt, 

On plunging:a glafs globe, with a long cylindrical neck, containing this mixture, 
‘ Minto boiling water, foie’ very interefting phenoniena were obferved. 

46 "Two cirrents, in oppofite dire@ions, began at the fame inftant to move with 

Sogreat celerity in the liquid in the cylindrical tube; the afcending current occu- 

© pyiny the fides of the tube, while that which moved that ieee ro occupied ‘its 


; | Accidentally perceiving the motitn’ of fome fine particles*of duft in a fpirit of 
oe 
ee. 


+ a 'As the faline liquor’grew warm, the’velocity of thefe currents "gradually di. 
$e mmihifited ; ‘and at length, when the liquor had acquited the temperature “of ‘the 
oe furrounding water in the jar, thefe motions ceafed entirely. 

‘« On'taking the glafs body out’of the hot ‘water, the internal motions of the li- 
“* quor recomnicnhced, *but the currents had changed their ditections; that which 
* Secuipied the axis of the tube being now the aftending current. 

“ ‘When the contents of the®glafs body had acquired the tempétature of the ‘air 
“Gof the roém, thefe motions céafed ; but they immediately recommenced on ‘ex- 
© pofiig the inftrument to any change of temperature. 
 The‘motions in oppofite dire@tions in the liquid in the tube were ‘exceedingly 
_-“* 'Papid’on the fudden application of a ftrong heat, and afforded a very entertain- 
_  “ihgfight: But'to a {cientific obferver they were much more than amufing; 

NOBay*Aeteded narute,’ as'it were, in the very’a@, in one of her'moft hidden ope- 
_-{* ‘fations, ‘and rendered ‘motions vifible in the midf of an invilible medium, which 
“WHRver Had ‘beth en before, ‘aiid Whicly mot probably "had never been fufpedt- 
seta do 

He fenied to folléw'ds an Obviotis conclifion from thefe phenomena, ‘that caloric 
“cambot be propagated downwards in water while ‘the ‘particles'of that fitid ‘conti. 
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‘ nue to be condenfed by cold; but the truth of fo fingular a conelufion required te 
‘be confirmed by ftill more decifive experiments. oe a 
A circular cake of ice, 3 1-half inches in thicknefs, and weighing Io 1-8th 


ounces, was intreduced into a glafs jar, containing 6 Ibs. 1 i-gth ounces of water, . 
at the temperature of 212° of Fahrenheit. "The ice was whe melted i in 2 a 


nutes and 53 feconds. 


iA fimilar cake of ice. was faftened down to the bottem of the fame jar, aii was 


ter nearly boiling hot poured on it in this fituation, A circular piece of paper had 
been previoully interpofed, to prevent the dtream of water from impinging dire@t= 


- 


ly on the ice. In this experiment it was fome time before any figns of melting — 


could be perceived. After the thermometer had been in the jar one minute, the 


temperature was found to be 180°; after 12 minutes, the temperature 1 inch bes 


low the furface 170%; at the depth of 7 inches, or one inch above the furface of 


the ice, 169 1-20°; while at only 3-4ths of an inch lower, or 1-4th above the fur- 
face of the ice, its temperature was 40°. When an hour had Miao the ‘tempe~ 


. rature at the furface of the ice was - - 40°? ° 7 
1 inch above yy - A Ta 80%" 
2 inches, an - ” ‘118? 
3 inches, 4 3282 
4 inches, - - a 4 3309) So eee ee 
7 inches, - - 131% ; 
‘When two hours had elapfed, at the furface of the ice, 407 
Riinchyy wiiPivinrite - - 76°. 
' 2 inches, - - ‘ 94F 
td 3 inches, ve ow - “ 106% gus! 
4inches, — - hy ely ie Ghee 
6 inches, _* ioe - 1082. y-4th 
7 inches, - v- 108° r-half 


By now pouring off the hot water, it was found that 5 ounces 6 grains troy, of 
ice, had-been melted. But in conformity with the hypothefis, that water is a 
perfect nonconductor of heat; how could this quantity, {mall as it was, have been 


melted? The manner in which our author endeavours te account for ha is ex= © 


tremely ingenious. It appears, he obferves, from the experiments of Sir C. Blag- 


den, that the {pecific gravity of the particles of water at the temperature of 32°muft — 
be confiderably lefs than the {pecific gravity of the fame particles at the ‘tempe- 


rature of 40°° Now, as in pouring hot water on the ice, the temperature of the 


particles of the water in contact with the ice is immediately reduced to 32°; thefe 


‘3 
+4) 


particles muft neceflarily have a tendency to rife and to occupy the place of the 
warmer, heavier, and confequently defcending particles, If this be in reality the ; 


‘way in which the ice is melted, then it becomes obvious, that caloric can only be 


propagated downwards in water, the temperature of which is reduced below 40°, 


for this is the point in which it begins to be expanded by-every fubfequent dimi- 


- nution of temperature. | Reafoning on thefe data, Count Rumford was led to adopt 

-the following very remarkable conclufion, namely, that water, at the temperature 
of 40°, muft be able to melt-as much ice in any given time when ftanding on its 
. furface, as:an equal volume of water at the temperature of 212°. .This conclu- 


» fion was foon verified by experiment. Ufing every precaution to avoid inaccuracy 


. im the calculations, it appeared that not more than 152 grains of ice were. melted 


by the boiling water during the {pace ef the firft to minutes. ‘The quantity of a 


_ice melted by water’ at: the temperature of 402 i in an equal fpace of time, amount- 
)¢d to no lefs than 222 grains, ‘This fact,” adds our author, “will, 1. flattes 
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7 i sigftt be confidered-as affording the moft unqueftionable proof that could 


« well be ima ined, that water is a perfeét nonconductor ef heat, and that heat 

* is propagated in it only in confequence of the motions which the heat occafions 
n the infulated and folitary particles of that fluid.” See Count Rumford’s Expe- 
atal Effays, No. VII. paffim. 

» We cannot help thinking this conclufion by far too general. The experiments 


_ felated undoubtedly prove that caloric is communicated very flowly from’ one par- 


a a a 


ticle of water to another; but it would require more numerous and diverfifiéd ex- 
periments to eftablifh the fact that no comnrunication whatever occurs. 
9 As the truth of the compofition and decompofition of water has been often 
doubted, and is even ftill difbelieved by fome of the older chemifts, it may not 
be improper to bring into one point of view the nature and extent of the evi- 
dence by which this important fact is fupported. 

Chemical philofophers had at different times obferved, that moifture was produ- 
ed by the combuftion of inflammable gas; but none of them feem to have form- 
ed any opinion with refpeé to the fource from which this moifture is derived. 


“See Appendix to Macquer’s Diktionary, article Inflammable Gas, Pricfiley on dir, 


firft edit. Vol. V. p. 395. 
‘It was in the fummer ‘of 1781 that Mr. Cavendifh firft burned, in a convenient’ 
apparatus, 500,000 grain meafuresjof inflammable air, with 2 r-half times the 


quantity of atmofpherical air. “ By this means (See Phil. Tranf. Vol. LXXIV.. 


 p. 129.) upwards of 135 grains of water were condenfed in the cylinder, which 
had no tafte nor fmell, and which left no fenfible fediment when evaporated 
“to drynefs, neither did it yield any pungent fmell during evaporation ; in 
« fhort, it feemed to be pure water.” Mr. Cavendifh, in’ repeating this experi- 
ment, fired, by means of the electric fpark, 19,500 grain meafures of oxygen, 
with 37,000 grain meafures of hydrogen gas; about 2950 grain meafures were 
confumed, and 30 grains of a liquor condenfed in the globe, which was fenfibly 
acid to the tafte. Saturated with potafh, this liquor afforded nearly 2 grains of 
nitre. When the proportion of the hydrogen gas was fufficiently increafed, the 
warsexint liquor was not at all acid, but feemed to be pure water, Ph. 
From a preconceived theory, Lavoifier had expected that an acid would refult 
from the combuftien of oxygen with hydrogen gas; and accordingly, in the winter 


_ of 1781-2, he made, in company with M. Gengembre, an experiment to afcertain this 


point. Lime water was agitated in the veflels in which thefe gafes had been in- 
flamed, but no marks of an acid could be detected. Lavoifier expreffes his furprife 


at the refult of this experiment, as, both from former experiments, and from ana- 


logy, he had been led to expect, with confidence, the pein of an acid. ee 
Mem. del’ Acad. 1781, p- 470. p 

* It was not till the 24th of June 1783, that Lavoifier, eit De Ja Place, a. 
that famous experiment, which left no longer‘any room to doubt of the nature 
and compofition of water. Lavoifier, in the account which he gives of that experi- 


“ment, very candidly acknowledges that Dr. Blagden, who was prefent when it was 


made, had mentioned to him the refult which Mr. Cavendifh had formerly ob- 
tained. “But (Mr. Cavendifh remarks) fo far was Laveifier from thinking any 


» 4 fach opinion warranted, that till he was prevailed on to repeat the experiment | 


« himfelf, he found fome difficulty in cheliexiog that analy the whole of the ‘two 


- & airs could be converted into water.’ 


» Im the experiment made by Eaivthie? and De la Place, about 5 Lnacdibad ve var 
‘ter were obtained, which feemedito be free from every kind of admixture, Is 


: 


i 
vy 
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correfpanded: very exadly:i in weight to.the two, gafes which, had, difappeared; andy 
sfindencolas to.concludéthat 100 grains of water, confilt of 8s. ambi) 
united to.15, grains of; hydrogen. See Meri, ded hcad..1 78%, Ps 468, th 
. Amezpeniment, made,ahout the fame time. by, Monge is, if, pollibles ill m 
"ARGH ANE He inflamed, by means of he eledtric RARE 14,591: =H IRIE he 


3, ounces, 6, daagbens 27456 zai Tiassa ounces, 2 drachms As. grains.of wales 
were, obtained, which-had.a flightly acidulous tafe. This acidity, Monge {eens 
think, might, be. attributed, to,a, {mall Rartion, of the ,, falphuric. acid, whic 
hydrogen. gas had carried over, into. the receiver: ha al remaining after the oa. 
periment, amounting, to, 2, drachms 5&9x grains, confifted of a mixture of,cars 
bgnic acid, oxygen, hydrogen, atid) azotic gafes, There, was, therefore in thisers 
periment, a lofs fof not more than, I,drachm,26,55 -guainis:, See Mem, dat “Aad 
(2783, po7%. | bats aan 
“Yn, the, fimmer, of 4738)..M, Le- Fevtede. Giheau, obtained. a:pounds.3 ounces, 
» anges of water, from, thé combuftion of) oxygen and hydrogen. gates... The 
RYE, gas, was procured from. the oxyd of manganefe,, and. the hydrogen fromy — 
a mixture of diluted fulphuric acid, and filings of iton. Rtevious to.combuftion 
great, pains were taken, to free the.gafes from every, adventitious, fubfances.. The 
weight. of, the, water obtained, was only 31 grains lefs.than the total weight ofthe 


~ gafes.confumed. ‘This waterhad an,acid tafte; gave a, red .colour.to, the tin@ure 


-of.turnfole, and tendered, lime-water,turdid. Solutions, of the: nitrate, of: filyes 
_ and, barytes produced..no: precipitations from, which, it is evident, that it; con 


“y tained; neither fulphuric nor, miuriatic acid... By adding, potathite the, water, it 
was, foundsto, contain: 1: i-75oth, part of its weight, of; acid, of 27, achalf, fanless | 


Phis acid:was thenitric, Ste Sourn, de-PLifi 3788; Ps 457. - 
. Mefirs,, Fourcroy, Seguin, and Vanguelin, repeated the experiment of Lavifee 


with very. greatiicare.. The. oxygen, gas.was obtained: from.oxygenated Muriat.of — 


potath, and: contained. about, 3-cubic; inches. in, the 109. of azotic gas The | hhys 
dregen: gas. was, procured from, a folution, of :zinc, in diluted, fulphurie.acid. _The 


" combuftion was cantied.om. more Mowly than: in any, of the preseding.expenitoantay ” 


and 12 ounces 4; drachms.45 grains, of; water. were obtained... 7 
gafes comumed, amounted tecta ounces. 4.drachms, 49. grains 5. fo, that. shete wad 
incalk a;lofs.08: only: 4: grains, during, the. experiments... The. water: feemed, terbs - 

perfectly pure, as. ne-change. could, be. effeGted, by, the: ufesof re-agents:. ° Its fpes 
_ cific gravity was.the fame with that, of diftilled. water. See dbnabs de: Chemo 


Vibe po 267% Tom, VII: p..230., Tom, IX: ps 3a. , bea a ha cea F 


» Theicombuttion: of: oxygen. with: hydrogen: gas .was: Jately, nestormned in andeng 
proved apparatus, by Mr. Higgins of London, The.fym» of ithe, weights, of, the 
two gafes.confumed, was 489.grains... The water:ptoduced: from. the combnftion: 


* ofthafe gafes, weighed 487 grains; it feemed to be pure, and contained nofenfible 


matk of acidity. See: Minutes of ia, Society for Phil. Exp. pe 07§e 
- It-appearsfroni: the. experiments: we have. now, related, that: though the water 
arifing, from the combuftion of oxygenl. with: hydrogen gas. generally: contains;am 
els yet that this is by.no.means.cither, a neceflary or.a.conftant.occutrence., This 

acidis of different kinds, and in the greater number of cafes it feems eafy. to»account 
for its.produétion. . ' Moft:frequently.it- was the nitric; oxygen.gas, from, whatever. 
fubftance it is procured, is generally found to.contain a greater. or-le{S proportion 
ofiazotic gas; and from the:éxperiments of: Mr. Cavendith it is proved, that nitric 
‘eid map be produced yee weit heii ennlielaenene ee two 


eet yee 
cd . 


; 
¢ 


. 
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gafes. When azetic gafs, therefore, is prefent in.alarge quantity, or when there 


_ happens to bea deficiency of: hydrogen-gas, nitric acid, will, neceffarily, be, formeds 


But neither in the. experiments of. Mr, Cavendifh, -nor in, thofe.of Van, Marum, 
‘was any acid produced when the combuftion of the.two gafes was conducted flowly, 
or. when. the. hydrogen gas employed was in.a fufficiently. large propattion, See 


\ Nachtriige Pon Scherer, fc 462. 


The fulphuric;acid which was fometimes obtained, may, have feos derived from 


a fmall quantity of this fubftance which, had paffed over. undecompofed. into, the 


receiver, along: with, the hydrogen. gas, or rather from, the decompofition of/a 
{mall portion of fulphuric acid, and the combination of its fulphur with the hydroe 


gen gas. The great attradtién which thefe fubQances have for one.another, and 


the difficulty we find in feparating them, renders it extremely probable that this is 
the way in which the fulphuric acid was formed. In only one inftance, fo far-as J 
¢an learn, has it been faid; that the muriatic acid: was produced; but as, we are.en- 
tirely ignorant of the compofition of this fubftance, it mutt remain for future,ex- 
perimenters, fhould the circumftance. ever again occur, to difcover the fource. from 
which this acid had been derived.. . 
Tt is almoft fuperfluous.to remark, that the. proportion of the. acid.ta the soaiibe 
was uniformly. fo {mall, 4 not to influence, in any degree, the accuracy of the cone 


_ clufions to which thefe experiments inevitably lead. 


We have another proof of the formation of. water. in, the. reduction. of tallic 


 oxyds.. Thefe are now.univerfally allowed to confiftof a:metal united to a, greater. or 
- defsportion of oxygen. Itis to Dr. Priefley we. owe the, intcrefling dilcovery, that 


thefe oxyds, confined in. clofe veffels, with hydrogen gas, and exppfed:to the focus 
of a burning-glafs, are. reftored tothe ftate.of pure metal. The, hydrogen. gas 


_ difappears during this reduction, nor is any oxygen gas evolved in a fenfible form, 
If the’experiment be made over mercury, vapours are obferved, which gradually 


condenfe into water. Dr. Prieftley tried to afcertain, the quantity ofhydrogen. gas 
which difappeared i in the.reduction of the different metallic oxyds. According to 


_ his experiments, it-was nearly in the following proportion: An ounge xyd of 


oT << 


- iron, required 890 ounce-meafures of this gas. for its reduction ; an ounce of, copr 


per, from 403 to 909, according to the. flate of the oxyd; an ounce of tin 377, and 
of bifmuth:185. ‘Phe oxyd of :filver.alfo abforbed hydrogen gas, but in. & propotr 
tion that could not be afcertained. No perceptible reduction took place. in the 


. oxyds of manganefe, zinc, arfenic, and antimony. Alkaline gas, which contains 


much hydrogen gas in a loofe ftate, was found to anfwer equally well for the re- 
duction of thefe bodies. Dr. Priefiley expofed the oxyds fucceflively to. the,focus 


- of the burning-glafs, in carbonic acid; in nitrous gas; in azotic gas; fluoric acid 


gas; oxygen gas, and atmofpherical air; but in none of thele fluids was. any 
particle of the oxyd reduced. That philofopher endeavours tu explain thefe phe- 
nomena, by fuppofing, that the hydrogen is abforbed by the oxyd during its re- 
duétion, and enters as a cenftituent part into the formation of the metal. But 
this hypothefis is obvioufly inadmiffible: 1ft, Becaufe it doesnot enable ust exe 


} plain the lofs of weight in the metallic oxyd during its redudtion: And, 2dly, Be- 
_ caufe, if the experiment be performed over mercury, and the water which is form- 


ed carefully colle&ted, it. willbe found to correfpondexa@ly in weight to the 
weight of the hydrogen gas which has difappeared, added to that which, the me~ 
tallic body has loft in the experiment. See Experiments and Obfervations, London, 
1790. Vol. I. p.248. Annal. de Chem. ‘Tom. I. p. 106. 

“Dr Prieftley feems alfo to have fucceeded in decompofing fome " susabiaadly 


treating em in.the fame manner with hydrogen or alkaline gas. He expofed .a 


2 


re “s 
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quantity of phofphoric acid, in hydregen gas, to the focus of.a burning-glafs, the i 


volume of the gas was diminifhed about 1-4th, and the infide of the veflel covers 


ed with an orange coloured fubftance, which had a ftrong {mell of phofphorus. — 
- The introduction of the. vapour of boiling nitrous acid, into contact with hys 


drogen gas, is faid to have been followed with the immediate formation of azotic _ 


gas;. but this experiment feems to have been inaccurately performed, 
Sulphuric acid, expofed to the concentrated rays of the fun, ina receiver filled 


with hydrogen gas, was gradually decompofed. At the end of the experiment; _ 


the infide of the receiver was covered with a whitifh incruftation, which, when 
put on a piece of hot iron, exhibited the genuine blue flame, as well as the Livni 
liar fmell of fulphur. See Obferv. and Exp. Vol. \. p. 262. ie 

* ‘The compofition of water had fcarcely been difcovered, when it was pea 
that its decompofition might alfo be effected. 

Bergman had obferved in his analyfis of iron, that the flings of this inetal were 
converted into a martial zthiops, by diftilled water alone, while at the fame time a 
great quantity of inflammable air was gradually difengaged. Fontana. alfo had 
obtained inflammable air, if extinguifhing burning charcoal by immerfion in this 
fluid; and Meffrs. Haffenfratz, Stoutz, and d’Hellancourt had collected inflam- 
mable gas by immerfing red hot iron under bell peg filled ie hin, reas inverted 
ever water. 


From thefe facts, and from the experiment he made in company seit Lavoilier, 


De la Place was led to infer, that the inflammable gas obtained during. the folu- 


‘tion of iron and zinc, in diluted, fulphuric, and muriatic-acids, was derived folely 
“from the decompofition of the water. His opinion is ftated with admirable pre- 
. cifion inpage 476 of the Mem. de I’ Acad. for 1781, and has fince been confirmed by 


innumerable experiments. 

It is but juftice to add, that the fame inference, refpecting the destin ettion of 
‘water, had been made by Mr. Watt, and communicated by him in a letter to Dr. 
Prieftley, dated April 26. 1783. See Phil. Tranf. Vol. LXXIV. p. 330, 
~ On placing i iron filings in pure diftilled water, Lavoifier obferved, that thefe 


_ two fubftances exerted a mutual action on each other, A corifiderable quantity of 


hydrogen gas was difengaged, and at the end of fome months the iron filings were 
converted into a black powder, velo ame mineral, and had acaranet an, 
additional weight of a5 per cent. 4 


Lavoifier and M. Meufnier produced a fimilar effedt by. varying die sepictualinds . 


They introduced into an iron tube fome thick iron wire, flattened by hammering, 


~ and Jie the tube, in an oblique direction, in a furnace,-which was heated red 


hot » The water was permitted to enter the upper extremity, drop by drop ;. and 
smaediately pure hydrogen gas, in great quantity, iffued out at the lower extre- 
mity of the tube. The wire, and infide. of the tube, at the end of the experiment, 
were found oxydated, or, in other words, reduced exactly to the fame ftate with 


iron which has been burned in oxygen gas. The tube and wite were weighed be« 


fore, and after the experiment; aad it was found, that the additional weight they 
had acquired, when added to that of the hydrogen gas which had been difengaged, 
correfponded moft accurately with the total weight of the water which had difap- 
peared. The hydrogen gas evolved in this experiment, was afterwards burned 
with a quantity of oxygen gas, equal to the weight which the iron in the tube had. 
acquired; and the product from. this combnttion amounted to about 6 ounces of © 
water. See Mem. del’ Acad. 1781... a 

. Dr. Prieftley had ‘often obferved ‘he fame appearances, and td Ae f ss, eA 
of interefting oa on the pap stion of hydrogen gas, by making the Vae 
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pe botling water pafs through iron {i heated red hot; but, with his ufuah 
xp in accounting for chemical phenomena, the Doctor {uppofed that the hy- | 
n came from the i iron, and not from the water, See Exp. and Ob. Vol. qe 
to 301. Kirwan on Phlogi ifton, lat edit. p56. 
fev de Gineau repeated the experiment of Lavoifier ; but inftead of an 
», he employed a porcelain tube. The refults he obtained were fo accurately 
bs. fame, that he was able to fix 15,7 grains as the proportion of hydrogen con- 
se 100 grains of water. See Fourn. de Phyf; Dec. 1788. 
1 every inftance, in which this experiment has been carefully made, the fame 
in varyi g refults have been conftantly obtained. 
re ron Hauch, of Copenhagen, introduced a quantity of zine, in fmall pieces, into 
orcelain tube. After the tube had been kept for fome time in a'red heat, the 
3 apo of boiling water was made to pafs through it: The products arifing from 
- this experiment were pure hydrogen gas, and the oxyd, or what is meng term-= 
ed nnn, zinc. See Grundziige Von Scherer; {. 202. 
nt Rumford difeovered, that. when agueous vapour is brought into contact 
wi SO in the {tate of vapour, the mercury is exydated, and a portion of red 
i re ate formed. See Nachtrage Von Scherer, {. 470. : 
» the experiments of Hauch, formerly quoted, it was found, that aqueous va- 
, conducted through gold, filver, or copper tubes, which were kept i inared 
at, "did not undergo any change; nor was any hydrogen gas evolved, the affinity 
ps oxygen for the hydrogen being greater than for any of thefe metals. 
decompofition, of water takes place alfo, as we have already remarked, in 
i sn of metals in diluted fulphurie or muriatic acids, Morveau, after pour- 
g ounces of concentrated fulphuric acid on r 1-half ounce of iron nails, expofed 
m to, af heat. About 3 cubic inches of atmofpheric air paffed over into 
ri. d the water which this veffel contained was impregnated with ful- 
ureous acid. To thie fame fubftances he added g ounces of water, and. placed 
I ixture ina heat of a low temperature. Not lefy than 754 cubic inches of hy- 
rogen n gas) were evolved. ‘The metal was converted into an oxyd. On faturating 
Py acid remaining after the experiment with an alkali, it was found to require 
fame quantity it would have done previous to the experiment. A more direét 
f pr f cannot be conceived, that the water, not the acid, is the fource from which 
ee gas was derived, See Grundziige, f. 196. 
i. Fordyce, of London, made a no lefs interefting experiment; He faturated 
_To0o grains of diluted fulphuric acid with alkali, and obtained, by evapora~ 
ott grains of dry iulphate of potafh. He then diffolved 164 grains of zinc 
. in ar equal quantity of the fame acid, and precipitated the metal from its folution 
by the addition of an alkali. By evaporation, 976 1-1 6th grains of dry fulphat of 
“potath were obtained, being not quite two grains lefs than when the acid was 
ted dine to the alkali, without the intervention of the zinc. The oxyd which 
précipitated, weighed 22@ grains. . It is needlefs to reritark, this addi- 
onal Bicigh: could neither be derived from the acid nor the alkali: Added to the 
eight of the hydrogen gas evolved, it correfponded exactly with the ny Se of 
vi ater which difappeared aac the experiment. See Phil, Tranf. 1792, p 


eee ee lighted charcoal in water, Fontana had obferved, that a mix- 
e of carbonic acid and hydrogen gas was produced. The fame phenomenon 
B obterved by M. Achard, of Berlin. See Grundziige Von Scherer, f. 203. 

wav oifier and M. Meufnier conducted aqueous vapour through charcoal, which, 
‘order r to free i it dhe air or bbe bad been kept for two hours in a red heat, 
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Hydrogen gas, containing about r-4th of its volume of carbonic acid gas, was ob 
tained. The charcoal difappeared. The weight of the two gafes correfponded 
exadtly to the fum of the weights of the aqueous vapour and charcoal Wwhichitiad. \ 
been confumed. See Mem. del’ Acad. 17$1, p. 279. Ta. in) 

This experiment was repeated by Dr. Prieftley, and fimilar refults obtained. | See 3 
Obferv. and Exp. Vol. I. p. 282. RE) 

Phofphorus does not immediately decompofe water; but it can be made ions 
duce this effect, by the addition of another fubftance. Hauch, in diftilling 206 
grains of phofphorus with soo grains ‘of cauftic alkali, or quicklime, (in a pure 
filver retort), to which a little water had been added, obtained phofphorated hy+ — 
drogen gas. There remained in the retort a phofphat of alkali, or lime. It is 
‘obvious, that, in this experiment, the water is the only fubftance from which the 
oxygen of the acid could poffibly have been obtained. See Grundziige Von ana 4 
f.'407.°" 

Dr. Prieftley fays he obtained hydrogen gas, in tranfmitting fteam over a 1 quan 
tity of fulphur, which was melted in a hot earthen tube. It feemed to be equally 
pure with that obtained from the {olution of iron in diluted fulphuric acid. si 5 
and Obfer. Vol. 1. p. 203. 

Could any more facts be required to render this account of the compofition lad 
decompofition of water completely fatisfatory, we fhall find them in the fingular 
effe&s produced by the paflage of the electric {park through this fluid. - 

Mefirs. Van ‘Trotzwick, Deiman, and Cuthbertfon, introduced a gold wire inte. 
each extremity of a ‘glafs tube, 1-8th of an inch in diameter, and 12 inches in | 
length. One end of this tube was fealed hermetically, and the extremities of the 

wires in the tube fixed at the diftance of 5-8ths of an inch from each other. After . 
filling this tube with, and inverting it over water, they brought the wires into _ 
connection with an eleétrical machine. Every time an ele@tric difcharge was fent~ 
through the water, fmall air bubbles were feen rifing to the upper part of the — 
tube. When the column of air produced by a continued facceflion of difcharges — 
had increafed fo as to eome into contac with the inferior extremity of the upper 

wire, a very remarkable phenomenon occurred. ‘The next difcharge produced a 

fudden explofion, inftead of adding to the air which had been evolved. When 

the water contained atmofpherical air, the refidue, after inflammation, was always 
greater than when the watcr had been previoufly deprived of this fubftance by di- ) 
ftillation. The refidue, in fome of their experiments, did not exceed 2-30th of the 
whole. This experiment is the more valuable, as it at once affords a fynthetical, a 
as well as analy tical proof of the nature and formation of water. See “fourn. de 

Phyf. 1789, ps 369. | 

Van Marum repeated this experiment, with confiderable alterations, Inftead 
of gold, he employed a wire of platina, and fupported the water on which he ope- | 
yated on a column of mercury. Gas was evolved, as in the former experiment; | 
but it did not inflame by the ele&ric fpark. On adding to it, however, a little 
espe n gas, or atmofpherical air, inflammation was inftantly produced. Hydro- 
gen, therefore, one of the conftituent parts of water, muft neceflarily have beet 
evolved. Van Maram thinks that the other part, oxygen, had united with the | 
mercury. See Nachtrage Won Scherer, £1,471. See alfo a Letter on this Subjedt, by , | 
Me effrs. Silvefter and Chappe. Annal. de Chem. Tom. VI. p. 12%. | 

Mr. Cuthbertfon performed this experiment with water which had been. boiled, : 
and deprived of its air under the exhaufted receiver of an air-pump. ‘When the 
air extricated from the water was placed between the extremities of the two wires, — 


and a fpark palled through the tube, it inflantly difappeared, leaving behind i¢ 
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- ily ebout i-goth of refidue,. After the experiment, re-agents did not produce 
oe effect on eed "water in the tube. See Tran/lation of the Chemical No~ 
Pico the caperiniennts aleonds Saccesateth Dr. _ Pearfon, of London, has lately 
“ ninde ome very accurate and interefting additions. 
__ . He examined the air extricated from water by electric dithargpely and found it 
to confift of a mixture of oxygen and hydrogen gas. In the early part of the ¢x- 
periment, this air always contained a greater or lefs portion of the atmofpherical 
_ air, ufually diffolved in water, and which could not be completely feparated, either: 
’ by boiling, or by the air-pump. When the difcharges, however, had been conti-+ 
_ nued for fome time, pure oxygen and hydrogen gas alone were obtained. A partial 
‘ combuftion was obferved to take place, even before the column of air in the tube 
had defcended fo. low as’ the inferior extremity of the upper wire. This, which 
p meamecsitnee amounted to nearly 1-sth of the whole, Dr. Pearfon feems to: think, 
- tnight be oceafioned by the kindling of the’air bubbles in their afcent through the 
water. Complete combuftion could alfo be produced, by applying, during the paf- 
sy of the electric {park, the points of a pair of compafies to the oppolite fides of 
the tube. It was of no confequence to the fucceis of this experiment, whether the 
“hir in the tube was.that extracted from water, or confifted of an artificial mixture 
of oxygen and hydrogen gas. See Phil. Tranf. 1797; p. 142. 
In reviewing thele experiments, the reader muft already have anticipated the 
ebvious conclufion, that water is not a fimple, but a compound body, coufifting of 
early 85-xoodth parts of oxygen, united to 15-1oodth of hydrogen: A variery of 
ebjeCtions have at different times been made to the validity of this conclufion, and 
to the accuracy of the experiments on which it is founded; but as thefe objections 
feem to be derived chiefly from the pre*conceived notions and long-eftablithed opi- 
- fhions of thofe who urge them, it will now be unneceflary, I prefume, to enter ins 
Tt format or tedious difcuffion of their merits. 
It has been faid, that the water arifing from the apparent combination of hydrogen with 
mygen aa was merely depofited from thefe fluids, and net generated during the procofs of 
combuftionm—The apfwer to this is obvious: The weight of the water Gepofited 
Sarg this procefs correfponds exaély with the fum of the weights of the two 
#; = confumed. But roo grains of gas cannot furely retain, diffolved ; in it, 100 
_ erin of water. Either, then, we muft admit, that oxygen gas, hydrogen, and 
er, are one and the fame fubftance, exifting in three different ftates, or ac- 
Pinowicige the validity of the proofs which demonftrate the compolition of water. 
Ye It has alfo been repeatedly maintained, that, in every fnfhance' in which water has been 
| Litpeed to be decompofed, the hydrogen was derived from the inflammable body, and not from 
_ She decompofition of water.—Unfortunately for this objection, in every inftance in 
Hy which hydrogen is evolved, the inflanirnable body acquires an additional weight. 
This weight, added to that of the hydrogen gas, correfponds exactly in weight 
_ with the water which difappears. 
i, No inference can reafonably be deduced from the great quantity of gas obtained in the 
fuppi ' decom pofi ition of water, as this fubftance_is capable of being converted by heat whol- 
into a permanently elaftic fuid~—This objection, of late fo ftrongly urged by Dr. 
l ieftley, will not have much influence on the minds of thofe who will take the 
- trouble to compare the experiments on which it is founded; with thofe which have 
been fo amply related. In diftilling water in clofe veffels, the Do@tor found that 
hada continued to be extricated from it till the whole of the water had paffed 
over into the receiver. This air, which was purer than common air, amounted 
_ only to between 1-20th and 1-30th of the bulk of the waters From 25 ounces of 
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water, diftilled in this manner, he obtained, 2 ounce meafures of air. The fame 
extrication of air was produced, by expofing water over mercury, in tubes, clofed 
at one end, to a ftrong degree of heat. A large bubble of air was collected, which. 
continued to be permanent after the fire was withdrawn. In the courfe of a day 
or two, this air.never failed to be abforbed by the water in the tube. From: 
thefe experiments, the Doctor concludes, that water is not only convertible into — 
air, but that it may be confidered as the bafis of every elaftic uid. By the expe-: 
riments with the electric fpark, it has been proved, that it is impoflible to fepa-. 
rate all the air which water contains, merely by boiling, or by expofure to the ex-. 
haufted receiver of an air-pump. The fmallnefs of the quantity of air obtained, 
affords, therefore, a convincing proof, that this was the true fource of that which’ 
Dr. Priefiley procured. We can {carcely doubt of this, after being informed, that, 
in the courfe of a day or two, “ this air was again all abforbed by the water.’ Tn ally 
it did not amount to more than 1-6ooodth part of the water! Such are the ex-: 
periments by which the faéts which eftablifh the compofition of water have been’ 
combated! It sis unneceffary to make any further remarks on the remaining part — 
of the Doétor’s effay, or the fingular conclufions he has been led to.form, as they. 
ftand in dire&t oppofition toall accurate experiment, and legitimate inference re-’ 
SpeGting the nature and formation of elaftic fluids. See piigaioprnores the Genet 
vation of Mir from Water, p. 23. Se 
Hauch, of Copenhagen, has tried the diftillation of water in tubes formed ofa 
great variety of fubftances; and in all his experiments, whenever the water was’ 
pure, and the tubes impervious, not a particle of Pecmaneniey elaftic bigaey was prow 
duced. M 
Some German chemifts, in - diftilling water through earthen dees obtained, 
along with the water, a quantity of azotic gas. From this occurrence, they were 
led to infer, that this fubftance muft neceffarily be one of the conftituent parts of 
water. The accurate refearches of Hauch have detected the fallacy of thefe expe= 
riments. The earthen tubes appear to be permeable in a high degree of heat, both — 
to air aud water; for, when the experiment was performed in glafs or porcelaia. 
vefiels, no azotic gas ever was formed. See Grundsiige Von Scherer, {. 226. > > 
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CHAPTER VUI. 
CONCERNING EARTH IN GENERAL. 


s Tue ancient philofophers entertained an opinion, that there 
_ exifts one fimple fubftance, the principle of hardnefs, drynefs, 
_ weight, and fixity in bodies, conftituting the bafe of all folid bo- 
dies, to which they gave the name of earth. This opinion, 
founded purely on abftraét philofophical notions, has been con- 
~ ftantly taught in the fchools, and is ftill admitted by fome of the 
‘ learned. Paracelfus, as we have feen, denominated all the refi- 
: dues of analyfes, earth; but chemifts, by the advice and example 
_ of Glauber, having examined thofe refidues, found they were far 
, - from being pure earthy fubftances. Boerhaave, who, with fome 
4 limitation, had adopted the opinion of Paracelfus, obferved, that 
¥ after all analyfes, there remained a dry, infipid, heavy, colourlefs 
: _ matter, poffeffing all.the properties of an earth. But when the 
_ Proper methods of chemical examination are applied to thefe mat- 
ters, it is found that they differ greatly from each other, and that 
a one and the fame denomination cannot with propriety be applied 
to them all. 
Beccher admitted three kinds of earth, as has been mentioned, 
if. w fpeaking of principles; namely, the vitrifiable, the inflamma- 
_ ble, and the mercurial earth. Stahl regarded the firft of thefe as 
the true earthy principle; and Macquer joins him in thinking, 
_ that the vitrifiable earth ought to be confidered as the moft pure 
and fimple. 
_ To arrive at a proper determination on this fubjed, let us con- 
 fider what are the properties which chemifts univerfally admit, 
- a§ diftinguifhing the element of carth. We find fix; namely, 
7 Bvcighs, hardnefs, infipidity, fixity, infufibility, and immutability. 
But all thefe properties are found in the earth of quartz, rock 
eryttal, and vitrifiable {tones in general, as well as in that of 
_ clays. If, therefore, feveral matters, very different from each 
other, have all the properties attributed in general to the ele- 
Bien: called earth, ought we to regard them as fo many fimple 
and primitive earths, or ought we to adopt the opinion of Stahl 
and Macquer, who, obferving the properties of earth moft evi- 
enty in the vitrifiable, have thought proper to efteem it as the . 
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primitive earth, and the others as modifications produced by its 
entering into different compounds ? 
Seducing as this hypothefis may be,’ and however great the 


confidence we might place in the opinion of fuch eminent ches» 
mifts, we. cannot prac it proper to reckon the vitrifiable earth | 
the primitive bafe of the others. 1. Becaufe this earth is not 
equally pure in all the ftones, Garten Macquer and Stahl him, 
{elf have admitted it; for example, in quartz, rock cryftal, and 


flints. 2. Becaufe we find all the properties of terreftrial fub- 
{tances in feveral matters which differ from vitrifiable earth, only 
in the earthy characters being not in fo marked.a degree. 3. Bes 


caufe, it is not at all proved, that vittifiable earth is the bafe of all — 


folid matters, and all earths, as fome chemilts have thought. 


This, therefore, is the opinion we think itl to be adopted _ 


on this head. ' 


Nature prefents feveral fubftances to our obfervation, which | 
have all the properties of earths. ‘ We cannot afcertain which is — 
the fimpleft among them, becaufe they all feem to be equally fo, 
as far as experiments have determined; and even if it were dif. _ 


covered that one of them were fimpler than the reft, it could not 


be concluded to be the elementary earth, til it was dhown to be — 
the bafis of other earths, and the caufe of cohefion and folidity — 
in various compounds. .We ought therefore, without deciding 


which is properly fpeaking the element, to admit of different 


kinds of earths, and endeavour to obtain fuch a knowledge of 
their properties, as will ferve to diftinguith them whenever they : 


are met with in chemical analyfes. 
Chemifts have long admitted feveral kinds of earthy matters 5 
‘but their firft divifions were vicious in many refpects, becaufe 


- the characters they were founded on were neither fufficiently cer 
tain, nor numerous. Such, for example, is the diftin€tion of 
earths into mineral, vegetable, and animal earths: For, though | 
it is true, that the fixed refidues, from the ultimate analyfis of | 
vegetables, after lixiviation, are for the moft part without fmell, | 


tafte, or folubility, thefe properties are not fufficient to juttify the . 
clafling them with earths, becaufe they are neither unalterable, 
infufible, nor fimple. The fubftance which forms the dry and 
folid bafe of the bones of animals, and is ftill called by the name 


of earth, from its drynefs, infipidity, and infolubility, has been | 


known for fome years to be a true faline fybftance, as we thal} 
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_ fhow in our chemical hiftory of the animal kingdom ; and it may 
_ with great probability be conjeétured, that the infipid and info- 
luble refidues, after the laft analyfis of other animal matters, are 
* of the fame nature as the refidual matter of bones. The name 
of metallic earths, given to the oxyds of feveral metals, from the 
“drynels, infipidity, and infolubility of fome of them, does not 
ee with their other properties; for they are in general fufible, 
and are all known to be compounded, as will hereafter be fhown. 
___. Mineralogifts, who have treated of the hiftory of earths, have 
_ paid a greater attention to accuracy and precifion in their clafifi- 
_ ¢ation than chemifts, who have attended to them only in fuch a 
general way as they thought might ferve to advance the theory 
of the fcience they cultivated. The greateft number of modern 
naturalifts, who have clafled thefe matters, have adopted cha- 
 racters founded on thefe chemical properties, and, by that means, 
_ given much perfpicuity to the natural hiftory of the mineral king- 
_ dom. Such are Meffrs. Wallerius, Cronftedt, and Monnet, who 
__ have compofed complete fyftems of mineralogy on this principle. 
No chemift has made a greater number of refearches into the na- 
_ ture of ftones and earths than Pott, who has given a methodical 
arrangement of thefe bodies, founded on the refults of his own 
experiments. Much praife and gratitude is due from the public 
to M. d’Arcet for his continued labours, and to Mefirs, Bergman 
and Bayen for their analyfes of many earthy fubftances. We 
 fhall not attempt to exhibit or compare the different fyftems of 
' thefe authors, as it is not our prefent intention to write the na- 
_ tural hiftory of earthy fubftances; but fhall only avail ourfelves 
_ of their labours, to determine how many different kinds of earths 
‘there are, chemically confidered, and what are the diftinctive 
characters of each. 
_ . Before we enter on this fubjeft, we muft obferve that it is 
_ proper to confider {tones and earths as conftituting the fame clafs, 
becaufe they are, in fat, nothing more than one and the fame 
fubftance in a different {tate of aggregation. Grit-ftone, for ex- 
+ ample, is nothing more than fand united by the force of aggre- 
gation ; and fand confifts of grit-{tone, whofe integrant parts are 
 difunited: both fubftances having precifely the fame chemical 
‘ prapertics 
M. Pott’ has y toe Ae earths and ftones into four clafles; the 
: SriiGable, the aegitagcgets the calcareous, and the gypicous, 
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Subfequent difcoveries have fhown, that the fubftances formerly 
diftinguifhed by the name of calcareous earth, are true neutral 
falts; and gypfeous ftones are alfo known to be faline fubitances. 
Among the four claffes of ftones admitted by Pott, there ate one 
ly two which belong really to this genus. Ss 

Dr. Black, whofe name diftinguifhes one of the greateft pe- 
riods of the improvement of chemiftry, having examined with 
much care the bafe of the Epfom falt, has proved that it confifts 
of a peculiar fubftance, which he called magnefia, and placed ean 
mong the earths. All the chemifts have affented to his difcovery. 

M. Bergman has difcovered in the marmor metallicum, or 
heavy {par, a peculiar earth, which he has called terra ponderofa, 
or ponderous earth, which we call barytes. . 

We think we ought to diftinguifh: thefe two fubftances from 
earths properly fo called, in confequence of  Featons which we | 
fhall give in the following chapters. 

From various confiderations, we think that no Gauttee fhould - 
' be admitted as true earths, but fuch as are perfe€tly infipid, in- - 
foluble, and infufible; and that we ought to diftinguith fuch as 
poffefs thefe properties by the chemical phenomena they exhibit. 
We therefore admit of but two kinds of pure earths, which are 
equally fimple and elementary. 

The firft is, that which conftitutes the bafe of-rock cryftal, 
quartz, grit-{tone, flints, and all hard ftones that ftrike fire with 
fteel. Its chemical chara€ter is, that it is unalterable by the 
| ftrongeft fire, neither lofing its hardnefs, tranfparency, nor other 
properties, by any heat that art can produce. It is called vitri- 
fiable earth, becaufe it is the only earth which forms a tranfpa- 
rent glafs by combination with alkalis; but the name of filex, 
derived from that of filiceous earth, which has been given to it, — 
becaufe it exifts in all the ne ftones, is that to which we ~ 
give the preference. 

The fecond kind of earth, which we regard as fimple and pure, 
is the argillaceous or alumine. In its ftate of purity, it prefents 
the following characters. It is almoft always opaque ; 5 OF, if it. 
enters into the compofition of other ftones, their tranfparency 
becomes inferior to that of the filiceous clafs. It is always dif- — 
pofed in thin plates, or lamine on each other. » This difpofi- — 
~ tion correfponds to the cryftalline form which the former earthy — 
‘yaatter conftantly affumes. ‘Though it has no more*tafte than 
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itrifiable earth, it feems neverthelefs to have a kind of ac- 
tion on our organs, as appears by its adhefion to the tongue. Its 


force of aggregation is never fo confiderable as that of vitrifiable 
earth ; whence it follows, that argillaccous ftones are never very: 


: hard, but ‘break by the blow of a fteel inftrument, without feratch- 


ing it, or giving fire, as vitrifiable earths do. ‘ This fmall force of 
aggregation renders this earth much more difpofed to combina- 
tion, and therefore we meet with pure clay much more feldom 


than pure rock cryital or quartz. It may be readily conceived, 


after this obfervation, why clays are almoft always coloured, and 
why there are few clays which poflefs the aluminous chara€ters in 
an eminent degree. Alumine expofed to the ation of heat, expe- 


riences an alteration which vitrifiable earths do not. Inftead of 


remaining unchanged, it hardens, and obtains an aggregation 
{tronger than in its natural ftate. It even approaches the vitri- 
fiable earth in hardnefs and want of difpofition to combine, after 
fuch treatment. Water has fome ation on alumine, which it 
penetrates, and renders foft and duétile. ‘That this is a kind -of 
combination, is evinced by the adhefion of thefe.two fubftances, 
which is fuch, that they cannot be feparated but by the adtion of 
a ftrong heat continued for a long time. ‘The property of alu- 
mine to form a pa{fte with water, and become hard by fire, is of 
great value in the arts. Laftly, The property of entering into 
combination with a great number of fubftances, efpecially diftin- 
guifhes it from the vitrifiable earth. From this it is that aluming 
is found in a great number of compounds; and from the confi- 
deration of this, we have fpoken more largely of this earth, as a 
knowledge of its leading characters is ci ager in order to di- 
ftinguith it in chemical operations. 

Thefe two earths we have thought fit to diftinguifh, as they 


- both poffefs the characters of elementary fubitances, and no che- 


~ 


mift has yet fucceeded in decompofing them.” We are not fuffi- 
ciently advanced in our knowledge concerning the origin, forma- 
tion, or even the chemical properties of thefe earths, to pronounce 
with certain chemifts, that the one is more fimple than the other, 
and that the latter is only a modification of the former. We can- 
not admit, that the earth of rock cryital, or filex, is the bafe of 
alumine, which, as far as is yet known, is not the fame fubftance, 
either attenuated, divided, or elaborated ; for no chemift has ever 
gonverted the one into the other. 
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It rarely happens that filiceous or aluminous:earth is found in ; 
nature in a ftate of purity. ‘The former alone enjoys this privi- _ 
lege in rock cryf{tal ; doubtlefs becaufe, as we have obferved, of 
its great hardnefs and force of aggregation. Even this is often 
coloured by foreign matters. It is {till more frequently altered 
and combined with colouring matters in quartz. Aluminous 
earth is yet lefs frequently found pure. The greateft part of 
the earths and ftones, to which naturalifts have given different 
names, are compofed of one or the other, or both thefe earths; 
or of faline fubftances, efpecially lime, and magnefia, with me- 
tallic matters, moft frequently iron. To obtain a conviction of 
this truth, nothing more is neceflary than to caft an eye over M. 
Monnet’s work, in which that chemift ranges ftones after their 
conftituent parts; an attempt worthy of great praife, but which, 
while it fhows the great advantages lithology may expect to re- 
ceive from chemittry, affords at the fame time a profpect of the 
difficulties that ftill attend the accurate claffification of ftones, 
from their chemical properties. The following chapter will be 
more particularly employed on this fubje&t *. 


* 
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aT ie number of the primitive earths is ftill undetermined. Fourcroy reckons 
only five ; but there is good reafon to believe that number is too fmall. 

Several other fubftances have of late years been admitted into the clafs of primi- 
tive earths by chemifts and mineralogifts of great note; but whether thefe fub- 
ftances be actually deferving of that character, time, and a more rigorous examina- 
tion, alone can determine. We fhall here mention the principal. 

Adamantine {par was for fome time fuppofed to contain a peculiar earth; but the 
accurate analyfis of Mr. Klaproth has fhown this te be an error. From his analy- 
fis, it appears that 10 parts of the adamantine {par brought from China confifts 


of = - - Mllumine. Oxyd of Iron. Silex. 
. 84 750 65 
Adamantineifpar from Bengal, - 89,50 | 1525 15 1~half. 


* ‘See Klaproth Beytriige zur Chemifchen Kenntnifs der Mineralkorper, B. Ut. ‘, Ay. 
Zirconia, or Fargonia.—This earth is found in a ftone brought from the ifland of 
Ceylon. It has a great refemblance to clay, though it differs from it in fome of its 
_properties. Zirconia is foluble in fulphuric,, nitric, muriatic, and concentrated 
acetic acids. It is precipitated from its folution in acids by alkalis either im their 
mild or cauftic ftate. When mild alkalis are ufed, the zirconia does not difcover 
any affinity for their carbonic acid. It is infoluble in alkalis; neither does it melt 
with thefe fubftances when expofed to the greateft degree of heat. It is infufible 
in microcofmic falt; but yields to borax, yet without any effervefcente. For 3 
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= 4 ! 
€ particular account of the properties of this earth, fee Kiraun’s Miseralogy, 
p- 14.; Klaproth Beytrage, XII. 203.3; Manvel de Miacralogife, par M. Mongez, 


Tom. I. 150.3 ‘Sfourn. de Phyf. 179s pour an. 1790. 


Strontites, or Strontian earth, is found united to carbonic acid in Gneis in the Teed, 
mines of Strontian in Argylefhire. It exifts alfo in the proportion of from 1 to 2 
rcent. in ftones of the barytical genus. When pure, it has a pungent, acrid 


, tafte: and is foluble in the proportion of 2 7-1o0th grains to the ounce.of water. 
_ This folution quickly attracts carbonic acid from the atmofphere, and becomes co- 


vered with an infoluble cruft. In this ftate, an ounce of boiling water diffolves 
about 218 grains. During cooling, this earth is depolited:in the form of colourlefs 
tranfparent cryftals. It is fparingly foluble in alcohol. It unites with fulphuric, 
nitric, muriatic, acetic, oxalic, tartaric, fluoric, phofphoric, fuccinic, a bora- 
cie, and carbonic acids. 

Thefe combinations all poffefs the property of giving a red tinge to the flame of 
combuftible bodies; the muriat in the moft remarkable degree. Strontites decom- 
poles fulphat of potash ; it decompofes the fulphats, nitrats, and muriats of lime. 

Sulphat of ftrontites is decompofed by pure barytes. With fulphur, ftrontites, 
like the other alkaline earths, combines to form an hepar. For a further account 
of this earth, fee an excellent paper by Dr. Hope, in the 3d volume of the Edin. 


Phil. Tranf.; Klaproth Beytrgge, XVIII.’ 260.3 Kirwan’s Mineralogy, p, 13.3 


Schmeiffer’s Mineralogy 5 Monthly Magazine, p. 633. for Sept. 1796.3; Richter Ucber 


a: Die Neuern Gegenfldnds der Chemie, Achtes Stuck, 


Sydneia, or Sydney earth, firft difcovered by Mr, Wedgwood in a rey mi+ 
neral fubftance brought from Sydney Cove in South Wales, is faid to poffefs the 
following properties: It is fufible in 150° of Wedgwood’s thermometer, which 
no other fimple earth is. It is foluble directly and immediately in no acid but the 
smuriatic, and in this only when the acid is heated and in a concentrated ftate. 

If to a folution of muriat of fydneia an equal quantity of fulphuric acid be add-~ 
ed, heat and effervefcence will be produced, and the muriatic acid will be expel« 
led in white fumes. 

Proffian alkali does not precipitate this earth from its folution in the muriatic 
and fulphuric acids; but it is readily precipitated by common alkali, or by the fim~ 
ple addition of water. See Pbi/. Tranf, Vol. LXXX, p. 306.3; Kirwen’s Mineras 


HEI>P 35° 


hive ret ok 
Ki. oft ‘ 
a 7 , 


2 


" ue 
YBa 


tha 
i ee 
noel 

ny 


the Me aga 


Ly hay 


Pe eee ie pre ee 
eRe OS OS, USE 


(ihn PR a Pein ea Tee We ie ee: 
‘eb ORR ue a br af nee al tl 


jc rile ANE ah 


PART IL 


CONCERNING 


THE MINERAL KINGDOM; 


OR, 


MINERALOGY. 


SECTION I. 
EARTHS AND STONES. 
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CHAPTER I. 


GENERAL FACTS AND OBSERVATIONS ON MINERALOGY; THE 
' DIVISION OF MINERALS IN GENERAL, AND OF EARTHS AND 
STONES IN PARTICULAR ; THEIR DIFFERENT CHARACTERS. 


‘Tur defign of natural hiftory confifts in the knowledge of the 
bodies which conftitute our globe. The whole is full of gran- 


deur and fublimity; and its parts are immenfe. This fcience’ 


comprehends all terreftrial phenomena, from the meteoric changes 
of the atmofphere, to the mutations to which the interior parts 
of the globe are fubjeét. The furface of the earth, its feas, lakes, 
rivers, mountains, valleys, plains, and caverns; the animated and 
organized beings which dwell therein, and the inanimate matter 
of which they are compofed, occupy by turns the attention of the 
natural hiftorian. ‘The man of genius is alone capable of view- 
ing the great defign at once in all its component parts; the fcru- 
pulous and indefatigable obferver attaches himfelf to the detail. 
The feparate confideration of the parts has produced the various 
branches of this {tudy. Thefe are inexhauftible. Laborious men 
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have confecrated- their lives to: the obfervations: and: -deferiptioné 


ef the habits and manners of certain infects, and have left the 
fubje& fufliciently replete with ‘matter for in gratification of fu- 
ture inquirers, ik ¢ | R 

The ftudy of natural hiftory biakd, i, therefore, be difcouraging, | 
on account of the immenfitp of the. profpect, if the difficulties 
were not removed by arrangements, by which the memory is re= 
lieved and aflifted.. ‘Thefe: arrangements are* ealled. ‘methods. 
They confift in fuch a difpofition of natural bodies, as places 
thofe neareft each other which have fimilar properties; and o« 
thers remoter, as their.properties differ. [he claffification thus 
made ought to be founded’ on charaéters which are conftant, ob- 
vious, and eafy to be known. 

The divifion of bodies “into three ena orders, called king- 
doms, namely, the mineral, the vegetable, and the animal king« 
doms, is founded on the nioft ftriking differences of character. 
'Fhough the two laft refemble each other in fome of their leading 
properties, yet they are fufficiently different: from each other in 
their externa] form and organization, to be confidered feparately.. 

Minerals form the mafs of the globe, or rather the external 
cruft, as far as the labours of men have penetrated. They do 
not increafe in volume, but: by juxtapofition of parts, and the 
force of attraction. They are fubject to.no alteration, but fuch. 
as arifes from the chemical adtion of fubftances on each other. 
They are called inorganized, or inanimate bodies. | 

Vegetables, on the contrary, grow larger, by an internal pie 
ov principle. .They have organs which elaborate the juices they 
attraét from the earth and from, the’ air, ., They are fubje& to ithe! 
modifications of living fubitances. They grow, lives, and: diew 
‘They, produce their like by a true generations » 40D 

Laftly, Animals have mere; complicated organs. than: negli 
blesis! their changes azé more tapid:; and they are much more 
fubjefied to the action of furrounding bodies, im proportion: to 
their loco-mobility, and. their, higher'degree of fenfbility. 9+ --» 

That pare of natural hiftory which relates to minerals, is: calle 
ed. mineralogy... ‘The. early ,naturalifts divided minerals intor-a 
great number of clafles... In their, methodical enumerationy. theyt 
admitted earths,’ fands, foft itones, hard ftones, precious: ftonesy 
figured, ftones, falts, fulphurs, pyrites, minerals, metals, &¢. 
‘Rhole. who are defirous,of ,obferving, the fucceflive: progrefs: of 


8 


EARTHS. fh 55 


mineralogy, from the time of Henckel, one of the firft who has 
treated methodically on this fubjeé, to that of Daubenton, whofe 
élaffification is a mafterpiece of precifion and exaétnefs, may fee 
the fyftems in fucceflive order collected in the Introdution to 
the Manuel de Mineralogiffe of Mongez, publifhed in 1784, at 
Paris. ‘The fucceflive periods of this fcience az marked by the 
labours of Brome), Cramer, Henckel, Wolterftdorff, Gellert, Car- 
theufer, Jufti, Lehman, Wallerius, Linnzus, Vogel, Scopoli, 
Romé de Lille, Cronftedt, Borne, Monnet, Bergman, Werner, 
Sage, and laftly, Daubenton, who in the prefent ftate of the fci- 
ence has left fearcely any thing to be defired. 
' ‘To obtain a knowledge of the great number of minerals which 
compofe the globe, they muft be arranged in feveral clafles, di- 
{tinguifhed: by very evident characters. We fhall, therefore, di- 
vide them into three fe€tions. Under the firft we fhall range 
earths and f{tones, which have no tafte, which are infoluble in 
- ‘water, and/do not burn when heated with contac of air; under 
the fecond, faline matters, having more or lefs tafte, which melt 
in water, and do not burn; and under the third, combuttible 
fubftances, in general not foluble in water, and exhibiting a flame 
more’ or lefs evident when expofed to the fire with accefs of air. 
Earths and {tones form the greateft part of our globe, and are 
eafily diftinguifhed from falts or inflammable bodies, by their infi- 
_ pidity, folubility, and incombuftibility. ‘Their regular arrange- 
- ment in beds, or fucceflive ftrata, conftitutes mountains or hills, 
and plains. In the former, they are either in fhapelefs mafles, or 
in ftrata inclined to the horizon. In the plains they are horizon- 
tally difpofed, and covered with a bed of mould fit for the vegeta» 
tion of plants, which is produced by the decompofition of the or- 
ganized bodies that are formed and decay on the furface of the 
earth. The feveral kinds of earth are frequently diftributed in a 
regular cryftalline form in the clifts or fubterraneous cavities. 
Water, which appears to have formed the greateft part of thefe, 
divides them, continually attenuates them, tranfporting them 
from one place to another, and in general producing in them , 
_ many changes. Their natural hiftory is divided into geology and 
‘lithology: the former treats of earths, the latter of ftones. But 
‘thefe two, as we have before obferved, ought to be ranged in the 
fame clafs; becaufe earths, if we except the foil formed by the. 
refidue of decayed organized matters, are nothing elfe but {tones, 
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whofe aggregation is deftroyed and ftones are formed by the 
union of earths. pevely iran 

‘The number of different forms of arsine and pane beads very; 
great, and the knowledge of them of great ,importance-to fciencey 
as well as to the common applications of them to ufeful purpofes, 
naturalifts have igrall ages been induced to endeavour to diftins 
guifh them by fure and eafy methods... The ancients had not the 
idea of clafling them from their. diftinCive characters, but con- 
tented themfelves with defcribing their general properties, and 
the hiftory of the ufes they were applied to, together with their 
value, or the degree of eftimation they were then held in.- From 
this it is that the greateft part of the ftones defcribed. by Pliny 
are not to be found or known. Modern naturalifts, aware of the | 
inconveniences of this method of. defcribing, ftones, | have’ taken. 
another method of diftinguifhing them, withthe intention that 
all future ages may underftand their, deferiptions. . It,is from the 
external and fenfible properties of thefe fubftances that they have 
diftinguifhed them into orders, genera, and {pecies, and have by 
that means rendered the ftudy of them more eafy*and eaoininntas 
geous. 

The external and fenfble characters sihich diftinguith sanales 
and ftones in the modern lithological methods, confift. in: their 
form, their hardnefs, their internal ftru€ture, or their 2 appearance 
when broken, and their colour. Several naturalifts' have, added 
to thefe fome of their chemical characters, more. efpecially :their 
habitudes in the fire, and with acids. .We fhall. here: contider 
each of thefe properties, that the application of the general:prin- 
ciples to the particular hiftory of each genus, of ftones. may “be 
better: underftood. 3 


3 Ty Concerning the Form or Figure of Stones, confidered as as one ey 
~ _, their general Characters. 


By the form of ftones, is underftood, the icone axiaiiale 
ment of their furfaces, with relation to each other. The moft 
tranfient view of a collection of {tones in a cabinet. of natural 
hiftory, fhows that fome poflefs a regular geometrical figure, — 
while others are altogether without any fymmetry, as»to. their 
form ; and that this regularity is in fome cafes found i in tranf- 
parent, and in others in opake bodies. . Obf{ervation , has’ demon- 
ftrated, tbat fome kinds of ftones affe@ a peculiar. form in. | theix 
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tryftals, and that other kinds are never found but in misfhapen 
fragments.’ Many natitralifts are of opinion that all ftony miat- 
ters havé the property of taking a cryftallized form, which is 
more remarkable in fonie than in others ; but that all have their 
peculiar forms, which are fenfible even in their fmalleft parts: 
This is the opirtion of Romé de Lille, who has written a very 
copious and exact hiftory of all mineral fubftances relative to 
their feveral cryftallizations *. © This philofopher diftinguifhes the 
form, which {tones and all other minerals affeét, under three 
denominations, of determinate, indeterniinate, and confufed cry- 
itallization, and obferves, that there is no mineral fubftance which 
does not come under one of thefe three clafles. The truth is, 
that as many of thefe affect the fecond and third kind of cry- 
ftallization, which are irregular; and not eafy to be diftinguifhed, 
we cahnot avail ourfelves much of the cryitalline form of ftones 
to give them’ pofitive and determinate characters from this cir: 
cumftance. Many mineralogifts have, neverthelefs, eftablifhed 
entire fy{tems of lithology and mineralogy on the regular exter= 
nal forms of the matter defcribed. Linneus is the firft who 
adopted this plan, and though he has not entirely accomplifhed 
the intention meant to be an{wered in his methodical divifions,; 
he at leaft directed the attentiori of obfervers to the forms of 
eryitals, and opened the way, to all the difcoveries fince made re- 


_. tpedting them: 


Such is the prefent ftate of opinions relative td the influence 
of cryftallography on the ftudy of {tones and minerals: It is 
very ufeful té lead us to the hiftory of the formation of thefe 
fubftances; and may, in fome cafes, throw great light on in- 
‘guiries refpeéting their nature. It may even ferve to diftinguith 
them from each other ; ; but it is mot fufhicient to ferve as the 
bafis of an entire fyitem of mineralogy, becaufe it is in reality 
nothing more than one of the feveral nieans, by the union of 
which fuch a fyftem may be conftru@ted. M. Rome de Lille, 
who has fo greatly diftinguifhed himfelf by his refearches into 
the forms proper to all minerals, has not availed himfelf of this 
alone in his claflification of bodies, but has only examined and 
defcribed thofe minerals arranged according to their refpeCtive 
faline, ftony, or metallic nature, and their mutual combinations. 


"© Cry feallographie, ou Defiription des Formies | Prepres G tous les Corps du Régae Mis 
tral, &c: _ Paris, 1783. 4 tom: 8vo. © 
Fol. it. BR 


J 
258 7 CHARACTERS OF 


_ § 2. Concerning Hardnefs, confidered as a Charaéter of Stones. 

The aggtegation of the parts. which compofe ftones is fo va- 
tious, that lithologifts have advantageoufly made ufe of it tov dis 
ftinguith them from each other. Some have an aggregation fo 
ftrong, and are confequently fo hard, that fteel of the higheft 
temper makes no impreffion on them. Such. are the precious 
ftones or géms. Others yield with difficulty to the a€tion of in- 
ftruments; fuch are quartz, flints, agate, hard fand-ftone, por- 
phyry, and granite. All thefe ftones, when ftruck againft a 
‘piece of fteel, produce! a great number of fparks; which cir- 
cumftance: has occafioned them to be called fcintillant or fpark- 
ling. Thefe fparks arife from {mall portions of the’ fteel which 


are ftruck off by the ftone, and fuddenly fet on fire by the heat - 


eecafioned by the ftrong percuffion they undergo. ‘This heat is 
fo confiderable, that the particles are melted; fo that when col- 
le&tedy on white paper, and obferved with a good magnifier; 
they aré found to be a kind of femi-vitrified calx, fimilar to that 
produced at iron forges, and known by the name of machefer, or 
drofs of iron. Stones that give fire having different degrees of 
confiftence, from gems, and rock eryftal, to the tender fand- 
ftones, and filiccous breccias of modern formation, pi “as 
of fparks muft vary m the fame proportion. 
There is a great number of ftones, whofe aggregation siti 
lefs coufiderable, and which are foft enough to be cut and form- 
éd by fteel inftruments. Thefe do not give: fire’ with Reel, ‘but 
break with different degrees of facility when ftruck’ with a hard 


tool. The difference of confiftence in ftones, ‘which do not give - 
fire with the fteel, is obfervable in their other properties: Some, 


ds for example marble and alabafter, receive a ‘good and ‘uniform 
polith others, as for example, moft of the argillaceous ftones, 
are capable of ‘an inferior or falfe polifh, and have always a dull _ 


rath appearance. Some judgment may be formed of the dee. 


gree of hardnefs the kind of polifhed ftones are capable of, by 
the appearance they exhibit when wetted ; the moifture ne 
ducing thé effet of a polifh while it lafts, - 9 0 0) es teeny 
It is to’ be noted, that many itones may afford: Spake sil feel, 
- though ‘they are not really of the clafs of feintillantAtones. Thefe 
are porns by their being of a mixed kind, and containing frag- 


\ 


ments of {tones fufficiently hard to abot Loa a itis 
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that feveral kinds of marble, and calcareous breccias give fparks, 
when flruck with the ftcel, in confequence of the quartzofe or 
inte particles intermixed with their calcareous patte. 

“The denfity of ftones is neceflarily as their fpecific gravity. 
Some naturalifts have confidered this laft property as vety im- 
portant for the claflification of ftony fubftances. M. de Buffon 
is of this opinion. But this charaGter, however important for 
afcertaining the natural order and general nature of thefe fub- 
ftances, requires accurate experiments to be made, and can be 
ufed only as an auxiliary in the lithologic methods, in which faa 
cility and fimplicity are neceffary requifites to guide ftudents at 
their “entrance into this part of natural hiftory. 


. én 


S 3. Concerning the Fraétures confidered as a Character of Stones. 


“When a ftone is broken, the newly feparated furfaces exhis 
ita peculiar arrangement of the integrant particles, which is 
different in different fpecies. Lithologifts call this appearance the 
fracture, and it affords very ufeful characters to diftinguifh ftones 
from each other! By comparing the circumftances which relate 
to’ the fracture of all the ftones we are acquainted with, it is 
eafy to reduce thefe fractures to feveral kinds. 

Some, for example, break like glafs, with a fmooth polithed 
furface, of a regularly curved figure, and this is called the vitre- 
ous fracture. It is obferved in rock-cryftal, quartz, &c. 

"Others prefent a furface clean and polifhed, but formed of | 
fuecetve undulations, refembling thofe obferved on fome thells. 
Phe two pieces applied together, in general fit each other very 
neatly. ‘This fracture is diftinguifhed by the name ‘conchoidal, 


ori fhell like. "The undulations are of various magnitudes and 


‘appearance, as wide, narrow, round, oblong, deep, fuperficial, 
‘&e: arid ‘may be obferved in feveral kinds of flint, i a agate, 
“or petro-filex. 

Phere is another clafs of ftones, which, when broken, exhibit, 
-at their furfaces an affemblage of projeCting and rounded points, 
tefembling grains of fand worn by the waters. This is called 


‘the granulated fraéture. It maybe eafily obferved in farid-ftone. 


‘The magnitude of thefe fmall-parts affords a number of different. 
_ diftinGtions. | Tt is with relation to this ‘kind of frature, that we 
Tometimes apply the figurative expreffion dough or pa/le to the 


fraQaures of. ftones, and. fay, a ftone has a fine. or a coarfe grain, 
Rij 


260 ‘ CHARACTERS OF 


Laftly, There is a great number of ftones,’ whofe fratture 
fhows them to be compofed of many equal laminz placed upon 
each other. The great part of thefe’ being called fpars, the frac- . 
ture is thence denominated fparry. Thefe laminz differ from 
each other in their extent, magnitude, thicknefs, tranfparency 
or opacity, horizontal or oblique’ pofitiony with re{peét to the 
axis and diameter of the cryftallized fone,’ that being fuppofed 
to be placed vertically, for ‘they anounce a true cryftallization 
when they are brilliant, if they have not.a chatoyant appearance, 
the fracture they exhibit is termed lamellar. It is the various dif- 
pofition of thefe in gems, calcareous or ponderous fpars, cryftals, 
&c. which fometimes caufes the brilliant or chatoyant * appear- 
ance obferved in talc, and the various kinds of feldt-fpar, as 
the cat’s eye, the avanturine, the"labrador ftone, &c:) PSs 2 

Some. authors have made divifions of ftones, founded on their 
general appearance, together with their fracture... Cartheufer, 
in 1755, publifhed a fyftem of mineralogy, in which she. diftin- 
guifhes ftones into lamellated, fibrous, folid, and granulated.’ But. 
the fracture alone is infufficient to ferve as the, bafis of a com- 
plete lithological method, and requires to be contrafted with the 
other characters examined in the prefent chaptert. 99) ~ 


7 a ‘ ; Ps, im ¥ey 
§ 4. Concerning Colour, confidered as a Charaéter of Stones... 


The various colours obfervable in many ftones, depend on com- 
buftible or metallic fubftances, intimately combined. with their 
other parts. In fome {pecimens the colour. is. uniformly fpread 
through the mafs, in others it is feen only in certain. {pecks ) or 
points. In general the colouring part of ftones is accidental, or 
not always found in the fame kind, and varies according to cir- 
cumftances. It is indeed true that the colour is fufficiently, con- 
{tant in fome ftones, as the gems, the fchorls and tourmalins, to 
ferve as one of the indications of their kind; but as its utility in 
this refpect is very confined, it is not much applied or efteemed 
by lithological writers. — ecpsaiRy bon: 

Among the colours which ferve to Aipiaoaith nae anal) va- 
rieties of ftones, we may diftinguifh the uniform, or equally 
diftributed colour, accompanied with tranfparency or “opacity, and 
fuch as are unequally diftributed in irregular fpots, in dikiii in 


* We have no Englith word to exprefs this moditication of light. $ i 


+ Vide L' Introduction & la Sciagraphie de Bergman, par Mongez le jeune, p. at. 
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‘points, and in bands. We muft likewife pay attention to the 
quantity or number of colours which are fometimes obferved, to 
the number of fix or feven, as in marbles. From the number 
and difpofition of the colours in thefe natural fubftances, it is 
that they have been divided into ftones, of one, two, three, or 

_ four colours, variegated, fpotted, veined, marbled, clouded, punc- 
‘tuated, or dotted,-or bearing marks of vegetation, or other fi- 
gures, &c. 


ss 


a. 


$5. Concerning the Alteration produced by Fire, confidered as a 
Character of Stones. 


Some mineralogifts, not content with examining ftones by the 
exterior and fenfible qualities, have alfo fought for means of di- 
ftinguifhing them by their chemical characters. The action of 
fire, and the alteration they are refpectively fubje& to from this 
agent, has been regarded by many lithologifts as a good means 
for obtaining a knowledge of their differences. ‘They have ob- 
ferved that fome, as for example, quartz, lofe their tran{parency 
and hardnefs, by fire, but are no otherwife changed ; that others 

-fuffer no change, as for example, rock cry{tal; that others again 
melt, and become converted into a glafs of a -ditferent colour, 
as {chorls, zeolite, afbeftos, amianthus, garnets; and laflly, that 
others lofe their confiftence, and part of their weight, without 
melting, and at the fame time acquire the property of ‘olubility 
in water, as all the calcareous {tones do. Other experiments, 

_.more numerous and accurate, fhow, that fome {tones lofe their 
colour in the fire, while in others it is rendered deeper by the 

fame agent. 'Thefe are among the general refults of the labours 

_ of Medfirs. Pott, D’Arcet, and many other chemitts. 

| Phefe various alterations are neceflary to be known, in order 
to render the hiftory of {tones more complete, and to thow thes 
refpective natures. They fhow in general, that fuch ftones a 

_ are the leaft changed by the fire, are the moft fimple ; buc tac, 

cannot be of any great utility in lithological methods, becau. 

they require the completion of experiments, which cannot b< 

made but in a long time, and with confiderable fkill. Whercas 

the characters beft calculated for the claflification of ftones, ought 

to be eafy to be known or obtained, and either founded on fuch 

properties as the eye can afcertain, or at leaft may be collected 
from fimple and ready trials or eflays. . 

R iij 
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It is true indeed, when exterior properties are infufficient, that 
we may fometimes avail ourfelves of the change, produced, in 
{tones by fire, by the help of. the blow-pipe recommended by 
isa but however fimple this i ingenious method may be; it 

lways implies the neceflity of carrying an apparatus inconvenient: 
te travellers, and the proceis is better calculated to be Renee 
jn a laboratory, than on a lithologic excurfion*. wiry Aneel 


a) 


§ 6. Concerning the Aétiin of Acids confi dered as a Charaéter Ho 
| Stones. 


Acids are the foivents moft commonly employed. Though we. 
have not yet {poken of thete falts, it is neeefiary we dhould in 
this place make a few remarks on the phenomena exhibited» by. 
fome {tones, when placed in conta& with acids... The greater 
number are not at all acted on, or changed by acide but there 
are fome, which, upon a drop of nitric acid being put on their 


furface, by means of a {mall tube, are ated on in fuch a man- - 


ner, that the efcape of bubbles, pafline through the acid, occas 
fions an appearance refembling ebuilition, This phenomenon is 
called effervefcence, and is owing to an aeriferm fluid. fepa- 
rated from the {ubftance by the action of the acid... This lattice. 
fluid is itfelf a peculiar acid, difengaged by the acid. dropped on 
_the ftone, and is the produé&t of a true decompofition., All calca- 
reous {tones containing fixed air, effervefce by the contact of acids, 
and efpecially with that of uitre, which is ufually employed in thefe 
eflays. This difengagement of an aeriform fluid, fhows in re= 
ality, that the matter it efcapes from is a faline combination ; 
but as it is a combination poffeffed neither of tafte nor folubility 
in water, in any obvious degree, and as it befides forms.a. great, 
part of the external crutt of the globe, naturalifts have ini 
regarded it asa ftony fubftance. - Ae Obese 
All ftones may atoortinnn be diinguithd into ffervefoent uid 


* See Bergman on the Blow-Pige, at the end of his Chemical a Bays tranflated 
into Englith, and publifhed in London, 1784, Yeo ag 

lf a blow-pipe, a piece of charcoal, a {mall filver fpoon, and ee Gal phials, 
containing falt of foda, eiceocatie falt, and borax, compofe an apparatus incons — 
venient to travellers, and if a procefs, ¢afy to be executed in any place where a 
candle can be defended from the wind, require a chemical laboratory, the author 


is right in difcouraging this excellent fmall analyfis. Very complete apparatus for, 
this purpofe are fold in London, contained in a box no larger than a book in 
iwelves, at Brown’ S bookdeller, the corner of Effex-ftreet, near the Strand. TT. 
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x y fj 
non-effervefcent. A fmall phial of nitric acid becomes, there- 
fore, of courfe, a neceflary article in fuch excurfions as are made 
with the intention of examining and collecting ftones, and toge- 


ther with the magnifier and the fteel, is the only inftrument ne- 


_ceffary to be ufed by the lithologitt. 


Since Bergman has recomamended the examination of ftones 
by fire, with the affiftance of the blow-pipe, they are eflayed like- 
wife with foda, borax, and fufible falt of urine, which a@ dif- 
ferently on thefe matters according to their nature ; and in ge- 
neral exhibit a fufion more or lefs complete, accompanied with 
different phenomena. We fhall fpeak more largely on this me- 
thod of analyzing {tones, in the chapter wherein the other methods 
of analyzing them will be treated of. 


‘CHAPTER fi. 


THE LITHOLOGIC METHOD OF M. DAUBENTON. 
Extraéted from bis Tableau de Mineralag ies 


A\monc all the lithologifts who have attempted the methodical 
diftribution of ftones, there is no one who has given divifions 
more exact, more clear, or more ¢afy to be underftood, than 
M. Daubenton. The {kill with which this ‘celebrated naturalift 
has contrafted the characters of thefe fubftances, renders his 
method much more accurate and ufeful, than all thofe hitherto 
propofed. The properties he has fele&ted as the bafes of his 
characters, are all conftant and eafy to be known. They con- 
fift efpecially in the regularity or irregularity of form ; tranfpa- 
rency more or lefs perfect, or opacity ; confiftence, or hardnefs ; 
polith, which ftones are fufceptible of ; form, or refpeétive ar- 
rangement of integrant parts, which occafions the vitreous, concho- 
idal, granulated, lamellated, and fpathofe fractures; the colours, 
when they are not accidental; the furface dull, brilliant, or cha- 


'  toyant. As it would be impoflible to improve on the precifion 


and perfpicuity of the fyftem of M. Daubenton, we fhall exhibit 

in this place his divifions of earths and ftones, as he has laid 

before the public in his Tableau M thodique des Mineraux*. 

* Tableau Méthodigue des Mintraux, fuivant leurs différents Natures, et avec des Cha- 

wableres diftsnctifs, apparens, ou faciles a reconneitre, Pat M. Daubenton, &c. Paris, 
chez Demonville, Pierres, Debure, Didot l’'ainé, &c. 1784, in-8. de 36 pages, 


Ruy 
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eos 1d ody. ehthiow tel tieewaet 


ORDER = | P . ' 8 


SANDS, EARTHS, AND cS git hab 


Thole Subftances do not dyfalve i in Water like Salts, nor bard Tike COMI 
buftible Bodies, nor have the iat f Metallic Matters... 


ace ees " sisinnita 
Stones is py Fire with Steel. 


Mae Kinin qr.) Quan 
Cryftalline Subftance, fracture vitreous, not lamellated, 
Species I. Opake, or femi-tran{parent Quartz, | 


fat. 

. grained. 
milky, 

. foliated. 

» cryttallized. 


Varieties. 


wR RH 


* In this place, we only give a part of the table of M. Daubenton; but whew 
we treat of the hiftory of {alts and combuftible bodies, we fhall give the divifions 
of this philofopher, relating to thefe fubftances. As we have been careful te give 
‘an exaét copy of his table, even fo far as to ufe the fame type or characters, we 
‘think it proper to fubjoin the beginning of the advertifement of M. Daubenton, 
relating toithe methodical divifion of ftones, ~The ree ine: are the words of ae 
_celebrated naturaliff : 
" « This table has been expofed in manufeript fince the year 27 795 in the Hall of 
« the College Royal, during my le@ures; and many copies of it have been taken. 
« { have made various alterations, as I have received or acquired new information 
_, refpecting mineralogy. I have even abandoned, for the prefent, my defign of. 
_ inferting the chemical analyfis of different minerals in my tables, as I had begun 
«to do, becaufe a fufficient number has not yet been analyzed. My principle ob- 
« ject an drawing out this prefent table, has been to facilitate the ftudy of mine- 
“ ralogy. The beft means of diffufing the knowledge of the fciences, is to fimpli- 
“* fy their elements, Methodical divifions promote this intention; for though it 
s is impoflible to give -defcriptive characters perfectly agreeing with.nature, yet, 
« fuch as they are, they are convenient, ufeful, and even neceffary. In the full 
explanation of my table, which I propofe to give in my Legons @ Hi ipoire a: 
_ & turelle, now in the prefs, 1 fhall fhow the advantages and defects of my metha- 
.* dical-diftribution of minerals. I fhall only take notice in this place, that mine- 
“¢ rals are diftributed in this table into orders, claffes, {pecies, and varieties. The. 
 diftindtive characters of sbi see of thefe methodical divifions are printed i in 
Italics. he. “eg iil 
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Species II. Tranfparent Quartz, Rock CrysTat. 


‘hohe ys of fir ix Faces, with or without a Prifin of fix Sides 
wotd between them Jw 3 


. cryftallized. 

rough, 

- white, 

ted \BOHEMIAN RUBY. 

yellow. OCCIDENTAL TOPAZ. 

. ruddy or blackith, SMOKY TOPAZ, 
reen, 

. blue. WATER SAPPHIRE, 

. violet. AMETHYST. 

. iridefcent. 


4 
Varieties. 4 


OS CO DR PE, 


£ 


Species LII. Quartz in agglutinated fragments, Grit-ftone, or 
Siliceous Grit, 


Granulated frafture. 


1. hard Grit-{tone, 
2. friable. ep 
3- from the Levant. Very fine grain, 
4. Filtering Stone. Porous. 
5. glitterin 
6. wey > 
7. exhibiting figures of plants. 
L8. coarfe grained, 


Varieties. 


Species IV. Quartz in loofe Grains, Sanp, 
Vitreous furface. | A 


1. angular. 
2. rounded, 
3. moving. 


Varieties. 
* (4, fluid, 


Species V. Quartz in concrete Maffes. 


Sandy and quartzofe Pudding Stones, or breccias. 


Genus II. Semi-tran{parent Stones, 
Vitreous frathure, Jometimes conchoidal, 


Species L Agates, DS. Mone a 


Of all ce ryt except the ewe the fine ur the wane, and 
the greens 


1. clouded. | 
Varieties. ~ 2. punctuated. 
3. tpotted., | 
“ Among the names, there are fome in Roman capitals, and others in Italic cd< 
“ pitals, The former are fuch as 1 think moft fuitable to the things they denote 5 
the others are fynonymes, whofe ufe would be attended with inconvenience, 
“ and are inferted only to facilitate the knowledge of the things defcribed.”” 
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A. veined. 
H 5 ° onyx. 
Varictics. < 6, irifed. ( 
7. prefenting the appearance of berba: 
8. prefenting the ah of mofs, 


Species II. Chalcedonies, 


Milky tranfparency. 


a. reddifh, - 3 " 
2. blueifh, ey 
3. veined, aig 
4. onyx, | 
5. iridefcent, PALS. | 

Varieties. < 6. rounded and folid. cirasors. 

ie 7. rounded and hollow. HYDROPAL CHALCEDONY | 


¥“ 


~* (Enhydre). 
8.4 a ftalactites. ee" 
- g. in fediment. 

to, hydrophanes.: 


Species III, Carnelians, | + “ 
Beauti fil soa 
% pale. y 
2. punctuated, - 
Varieties. 4 3. onyx. 
4. exhibiting fights of herbs. 
5+ in ftalactites. . 
Species IV. Sardonyx, | ". . 
Orange colour. 
1. pale. 
2. veined, 
Varieties. 4 3. onyx. 
4. prefenting Reures of herbs. 
5- blackifa, 
Species V. Flints, nT 
Grey, white, reddi ifb, blacks si. \ 
~ Sa I. with tubercles. | 
Varieties § 2. in layers, 
Species VI. The Prafeum, | 


Greene 


Tr. green. 
Varieties. ~ 2. clouded. 
Naty ’ 3- {petted. L \ : 


(gh eundton ban nlovioen Marlgpy polifl, bh a tome all 
en 64 pigigy sahieifhe oh) 6. omaha a Lk yes 
| Varicties, <2. olive colour. a. 
iF green. “ A 


\ 
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Spee VII. Petrofilex, . Maty 
Zi ranfparency of war, conchidal  fratture. 


Se WMC a! | is 
Varicties. <2. reddith. are 
(3. veined, 


Genvs III. Opake Stones, 
Vitreous fracture, aie atu or dull. 


Species I. Mill Stone, 
‘More or lefs porous. 


eer I. porous, 
bearing ] 2. denfe or full, 


Species If.. Pebbles, 


Concentric layers. 
fe {potted, 


2. veined, 
oon j 3. Onyx. 
Varieties. 4 4. oculiform. 
5. prefenting the figure of herbs. 
6, concreted into breccias. PUDDING STONES, 


Species Iff. Jafpers 
Vitreous fracture, often dull, and awit hout concentric layers. 


I. green, 
2. red, PQ 
3. yellow. 
4. brown, 
5. violet, 
6. black. 
7. grey. 
8. white. 
9. clouded. 
10. fpotted, 
1I. veined, 
12. onyx. 
] 13. flowered. / 
14: univerifal. 
15. fragments united 1 in breccias. 


Varieties. 


GenvsIV. Scintillating Spar. Ferp-Sratn. 


evies ZI. Feld-Spath, regularly cryftallized, 


: in oblique (angled) prifms of four fides. 
in fix-fided prifms, with fummits of two planes, 
% in ten-fided prifms, with fummits of two planeg 
and four =e 


Species Il. Feld-Spath, cryftallized newt: 


1. white. 
Varieties, si. pearl grey. FISHES EYE, 


Varieties. 
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3° red. At ‘ My hia'e yt 
4. red, with brilliant Spangle. NATURAL AVANs _ 
| \TURINE. ‘xX 

} 5. green. 

Varieties. 4 r rete 1 

i 8. green and blue, by internal reflection. LABRA- 
DOR STONE. 

ade iba ae splagred, td internal reflection. cat’s 


Genus V. Cryftal ae | 
Tranfparent and lamellated, not eletrifiable by heat alone yl 


: friction. 
Species [. Red, pe 
x. Garnets, 
cryftallized with 12, 2A, er 36 a There are af 
Varieties. ellow, brown, Sc. garnets. 
2. The balafs Ruby, 


rofe-colour, oftabedral cryfials. 


Species II. Red and orange. 


3: Spinell Ruby, 
frre colour, chylallined like the bala ruby. 


am 1 4. Vermilion, 
Varieties. b cryftallized like the garnet. ‘" i 
| 5. Hyacinthe-la-belle, 
| cryftallized under 4 hexagonal fides with ferent: haus 
L ing 4 pianos facets. P 


ty avis ‘ 
Species III. ‘Orange-coloured. . 
: Variety. 6. Hyacinths, rt 
4 cry flallized like the byacintbe-la-belle 


Species IV. Yellow. 


7. Oriental i" opaz, 


eryftallized in 2 pyramids of 6 facets. 
Varieties. < 8. Saxon Topaz,, 


_ cry ftallized in prifms of eight fides, with fummits of t& 
Ah * 
ieee V. Yellow att gr een.“ 


Variety. 9. Peridots, CHRYSOLITES, ., ‘ 
. cryftallized in a prifm of 16 y ides y with psramit f 


Sages 
Spi VI. Green. 
‘ Variety... 10. Emeralds of Peru, 
cnyfleiiard it in fin -fided prifms. 
Species Vil. ‘Cian, and. he er ) me Gee 
Variety. 13. Aqua-mariue, . wrist dead ’ 


ory fallixed like the Sao toparte 
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SNe YUL. i A a 


| Variety. niet Oriental Sapphire, ff 
cryftallized like the orienta} topaz. 


7 3 


= Species IX. Indigo. A SUBLBLY Bod eta’ 


* he ei? 13. Indigo Sapphire, Fy 
age like oe eed topaz and Sapphire. 


= 


Specie x NP By ance o> tog eM 


14, Syrian Garnets, j 
cryftallized like the garnet. 


. : ios mass 15. Oriental Ruby, 
re cry ftallized like the topaz and oriental Sapphire. f 
4 
° 
: — ahi VI. Ctl Cains, Tourmalins, 
si Compofed of lamina perpendicular to the axis of the cryftal, elediric by 
eB beat alone without friction. 
ier 
4 1.. Brafilian Ruby, ' 
> red in a prifm of four a des with ramid. 
- Varieties. facets. ' ‘d Asha 
id 2. Brafilian Topaz, . 
; yellow, cryftallized like the Brafilian ruby. 
ca Genus VII. Tourmalins, 
 -Eleétric by heat alone without frittion, and without laminae perpendi- 
(. cular to the axis of the cryftal. 
hi 1. Tourmalins of Ceylon, 
" ‘ tranfparent, orange-coloured, not much fi “rrowed on the 
. Surface. * 
« a 2. Tourmalins of Spain, 
.tranfparent in a firong light, idashie oi very 
much furrowed, 
a 3- Tourmalins of Tyrol, , 
| tranfverfal fiffures in the prifm. 
a | | 4. Tourmalins of Madagafcar, 


Varieties. _ SHORLS OF MADAGASCAR , opake, black. 
5. Lenticular Tourmalins. 
6. Peridots of Ceylon, 
‘ ‘ yellow and green, much furrowed, Vara 
7. Peridots of Brazil, 
yellow and green, miucd furrowed, 
&. Emeralds of Brazil, 


| ean 
9. Sapphire of Brazil, 
blue t- = Txt ut ae: 
, : a3 4 
_ * Such gems as are formed without colouring’ n matter are white. Note of M, , 
+ Daubenton. ; 
a.) 6+ ~All thefe tucheenlene except the lenticular, are cryflallized in nine-fided 
” prifms, with f{ummits of three or fix facets. . Note of M. Daubenton., 


* 


' 


rf 
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. Genus Vill. Schorls, 


Not eleétric by heat without friftion, opake eryftals, or bi: green 
Semi-tranfparent needles. 


Species I. Cryftallized Shorls. 


: oblique (angled) prifm of four fides. 

. fix-fided prifm. PIERRE DE CROIX. . 

fix-fided prifin, with fummits of twe facets, -or 
pyramids of three or four facets. 

. eight-fided prifm, with fummits of two facets. 


Varieties. 


b See 


Species II. In articulated feagmnents, a 


t 


1. Spathofe Schorl. Strize with fpathofe facets. 
Varieties. 3s in maffes, sCHORL PASTE (Pafte de Shor) bril- 
~~ -€ ° fiant points in the fracture. 


Guits 1X, sco nediGinnde) 
Opake and blite..: r 


§r. purplith blue. 


Varieties. a hin 


1 


CLASS II... | 


Earths and Stones, which do not give Hire with Steel, and ie not 
effervefce with Acids. ; 


Genus I. Clays,” 


When moiff they are duétile ; when dry they take a poh if, 9 being 
fightly rubbed with the hand. 


Species ir Clays abfolutely infufible. | 


am, 1. ufed to make pots for the lafs-houfe. 
Varictigs. 3 for tobacco pipes. ~*~ - 


Species II. Clays partly fufible. . 


ty for porcelain. 
Varieties. = 4 2. for Englifh pottery. - 
Le for ftone-ware. 


Species LIT. Clays eatiely fusible. 
‘4. for common pottery. . 6) os nye on de? 
9. for delf-ware. wy 

3. for OS age? ig tiles (Dutch, tiles). 

4. for-tiles, 

5. for bricks. 


Varieties. 


2 
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Genes Tl. Shiftus, 
Argillaceous and foliated fracture. 


>r. black ftone. | 
2. common fhiftus or flate. 
. writing flate. 
Variiseen cE 4. polifhing ftones. 
‘ } 5- green ftone. 
6. Hone (Pierre 4 rafoir). 
7s ee weed united in breccias, 


Genus III. Talc, 


| Polifbed glittering plates, without Spathofe fraflure. 


Species J. 'Talc in large leaves or plates. 
Variety. | Mufcovy talc. 


Species II. In {mall leaves. 
Variety. Mica. 

Genus IV. ‘Steatites, 

Greafy feel, like tallow. 


Species I. Steatites in lamin. 


Varieti 1. fine French chalk (de Briancon). 
arenes: 22. coarfe French chalk (de Briancon).« 


| Species H. sGorepatt Steatites. 


1. Soap Rock (Pierre de lard) ). 
Varieties. 4 Spanifh chalk. 


Species III. Lapis ollaris. 


Varieti 1. Como ftone. 
arieties, 2. foliated Lapis ollaris. ’ 


Genus V. Serpentines, 
Fit The ‘poli fb. and colours of marble, 


Species I. Opake Serpentines. 

‘ Mead iat de Pee | 
; vo ‘* - 
o Species 1 II. Semi-tranfparent Serpentines. | 


Vaareee se granulated, 


3 


27% 
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Genus VI. .Amianthus, 
Filaments not. caleinable, flakes or leaves lighter than waters 


Specter J. Amianthus with foft (or flexible) fibres. 


te with lon fibres. 
Natalee aK with thort fibres. a 4 


Species IT. Amianthus with tard! (or brite fined 


Waristics ot Afbeftos, eafily Weinha H into parts (mury 
abpappevae, PRetos = par “age cain my 


ee 


Species IL. cAshianthus’ in flakes oY, dda cok niatly bs@\ile 5 : 
1. foffil. leather. : ose Netleat ae 


ri i * “¢2) «he at - é mae, aes ar 
Varieties. ae * foffil cork: Mare a a ptt 


GENUS oe ‘Zeolite, 2 ts 
Cryftallized in divergent radit, or convertible into a 4 jell by pation ini 


acids. 


Species I. Cryftallized Zeolite. ~ 
Species If. Compact Zeolite.  _ >: 


(x. white. J etter ~ 
Varieties. <2. blue erred. on vs ictal 
ire. SSIURNIG kM 


Genus VII) Fluor Spar. 
Fragments with triangular faces, all inclined to each others 


2 


Species I. Fluor Spar i in Cryftals.. 


i. octahedrons. 


Varieties. J 2+ cuneiform o¢ctahedrons, aoa ae ae 
ig 13 with 14 facets. SSR hae TE 
4. cubic, | ; 


bai Il. Fluor Spar in irregular Mattes. 


Genus IX. Ponderous Spar, 
Rhomboidal fragments, the lateral faces prgpadicular to she Bef 


Species I, Cryftallized Ponderous Spar. | : SaBgh eh CR A 


2. in oétahedrons with atute finncne 


fe in rhomboidal plates, v 7 
3. in oétahedrons with obtufe fummits. 


Varieties. 4 4. in hexagonal plates with acute furimite 9 


: 5. in hexagonal plates with obtufe fummits 
j 6. in tables. 


7. in cock’s combs (or jentidular)e 
* 2 . 


- 


_-_ tonéRatss ang 
4 Npecigs I. Ponderous Seat cryftallized confufedly. 
. BOLOGNA STONE, 


ag 


ne x. Heavy Stone. Jeger 
_ Refembling Eluer Spar i in the form of its fragments, but much hea» 


vier ; it becomes yellow i in acids. 


V 


“+e CLASS Il. 
i Earths and Stones which effervefce with Acids * 


GenvsI. Calcareous Earths. 


»™ 


me one Effervefcence with Acids. 


v 


Species I. Conipaét: 
Variety. Chalk, 


Diipecice If, Spongy: : 


a Variety, | Stone-marrow, 


% is III. In powder. 
Variety, _—_‘ Foffil Flour. 


ec IV. Confiftence of creams 


Variety. Lac lune, 


| Apes V. Figured. 
Variety. Congealed. 


Genus II. Calcareous Stones: 
Colours and polifh are bad. s 
ee Ts Coatfe grained. 


ae 


a. 


EXxampur. . 
/. Limeftone from Arcueil. 
4 “og Dh kock thefe fubftances are at prefent regarded by chemifts as neiitral falt3, 
_ formed by the union of lime and carbonic acid, we think it proper to exhibit them 
in this place, at the end of earthy fubftances, in order to give a connedted view of 
the method of M. Daubenton. Naturaliits, who avail themfelves of- external and ~ 
4 - Griking characters in their diftribution of fubftances, act properly i in tanking them 
eeeere earths. They will be confidered under another point of view in the hiftory 
@ffaline matters. Note of Mr, Fourcroys 
3 a i s 


t 
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Species II, Fine grained. ete: ce ae 


mas ver 


i EXAMPLE. 
The Thundertftone. 


GENUS Ul. Marbles, 


Granulated fracure, fine colours aie polifh. 


Species I. Marbles of fix colours. 


White, grey, green, yellow, 1 and pees 
Varieties. ' EXAaMPLe. 
Marble from Wirtemberg. 


Species If, ‘Marbles of two colours. 


15 in number, formed by the combinations of 6 com me 


lours, 2 together. 
Varieties. 4 EXAMPLE. 
white and grey. : 
Marble of Carrara. 


Species I]. Marbles of three colours. 


20 in number, formed by the combination of 6. CO 
lours, 3 together. / 
Varieties. EXAMPLE. 
grey, yellow, and black. 
Lumachello, 
e 


Species IP, Marbles of four colours. 


Species V. Marbles of five colours. 


1§ in aunseer, formed by the combination e 6 co 
lours, 4 together. 
Varieties. EXAMPLe. 
white, grey, yellow, and red, 
Brocatello from Spain. 


\ 


6 in snares formed by the combinations of 6 colours, 
5 together. 
Varieties. EXAMPLE. Ei 
‘white, grey, yellow, red and black, 
rit of old Cattile. | 


‘Genus IV. Miidedes Spar. 
Regular form, fpathofe fraciure. 


Specie E. Cryftallized calcareous {par. 


£, obtufe rhomboidal figure, 
Iceland Spar. 


Egat it ' 4. Jenticular rhomboidal figure. R 
_ Varieties, H 3. lenticular thomboidal figure, with 6 triaugulsr os 


faces. 


_ 4. acute rhomboidal figute. 


ven 
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5-.with 13 pentagonal faces, 

6. with 3 triangular faces. 

7. fix-fided prifm. 

8. fix rhombic fides, with 6 faces lozenge-wife. 
9 
6) 


Varieties: . with r2 fcalene triangular faces. 
10. wip 12 faces of 4 or § fides, and 6 quadrilateral 
acets. 
[ with 6 hexagonal faces, and. 12 quadrilateral fa- 
céts. 


Species II. Striated calcareous fpar. 
pay? + 1. in parallel ftriz. 
¥apieties. jr in divergent ftriz, 
Genus Vi _ Concretions. 
Succeffive coats. 


i. 


_ Species I. Stala€titical Concretions. 


2. tabular. 
3. refembling alabafter. 


I. in columns, 
Varieties. 


| 
Species If. Concretions by incruftation. 
Species III. Concretions by fediment. 


rt. by horizontal fediments. 
2, by rounded fediments, 


CLASS IV. 
Mixed Earths and Stones. 


- Varieties. 


Mined earths. | 
Genus J. Sand and clay. 


Species. Sand for founders. 
Variety. Sand from Fontenai-aux-rofes. 


Genus IJ. . Sand and calcareous earth. 


Genus IIJ.. Clay and calcareous earth. - 
_ Species, Marle. 
x. marle, armenian bole. 

2. marie, fealed earth. 
3. ftone for taking fpots out.of cloth. (pierre &des 

' | tacher) ; 

4 fuller’s,earth, 

Varieties, : 5. porcelain earth, 

_ 4 6. pipe clay. ) | 
_ 7. potter’s clay. (terre 4 fayahce) 
. 8. white marle. , 
! g. marle in flakes, 
1a, marie for manure. 


S ij 
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) M. ied ftonese. 
OF TWO GENERA. j 
| Quartz and feintillating {par, - « - - - -. Granitin, 
‘Quartz and’fchorl, - ----+----- Granitello. 
‘Quartz and fteatites, - - - - - - <= --= + Quartzofe fteatites. 


Quartz and mica,y ----------- 


Micaceous quartz. 


Tranfparent quartz and mica, = - - - 
Quartz in grit and gem ftone, - - - = - 
Quartz in grit and mica, 


“4 


Quartz in grit and calcareous matter; -- 


Quartz in fand and opake ftone, - - - 


Quartz in fand and {chiftus, - - - -- - 


. 1 
Micaceous cryftal. | 


rt, Garnet on grit ftone. 
2. Garnet in grit ftone. 
Micaceous grit. 


Cryftallized grit. 


Sr Grit in flalaétites, 


Sandy and filiceous breccias. 


cintillating {chiftus horn- 


Quartz in fand and EOE ie aie mt carte eo 
Scintillating {par and pafte, or cement of 
{chorl, = = )6. 3 = meee tea a 
Semi-tranfparent ftone, with opake ftone, 
Schorl and mica, - - - - 
’ Schiftus and mica, ----+-----4- 


Schiftus and marble, - - -------- 


Serpentine and marble, - - - - - - - 


Ponderous fpar and calcareous matter, 


\ 


OF THREE GENERA. 


Quartz in fand, {chiftus and mica, - - - - 
Quartz, gem, and mica, -------- 
Quartzofe pafte, fcintillating {par in large 
fragments and fchorl, - - ---- - 
Quartzofe pafte, fcintillating {par in n large 
fragments and fchorl, - ------- 


¢ Ophites. 


_t Porphyry. | ‘ 


-- 38 
frone. trap. 


Scintillating Pegs. 


XS 


kan iseen agate, of aga- 
tized jafper. 


Micaceous fpathofe {chor — 


‘Micaceous fchiftus. 


- Florence marble, 


- green Egyptian marble. " 


I 

2. fea green marble. 

3+ green antique marble. 
4. green marble of Suza. © 


5. green marble of Varalta, « 


Alkaline ponderous {par.- 


Rough wheat-flone. 
Garnet rock. 


¢, 


iF Serpentine. bard Jenpeness 


Quartz, {chorl and fteatites, - - - - = -- , Tuberculous rock. 
carte, feintillacing, par, and {chorl, - - Grasite, oN 


OF FOUR GENERA. 


Quartz, fcintillating fpar, fchorl, and mica, Granite, » 
OF SEVERAL GENERA MORE OR LESS IN 
NUMBER, UNITED IN BRECCIAS, nes ae a 

DOUBLE BRECCIAS. 


rt. Fragments of porphyry, with a pafte ee orphyty. Hl 
% eke asic of granite, with a paite of {chorl. 


ot Univerfal breecias. 


Varicties, 


Y 
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VOLCANIC PRODUCTS *. 


_ Genus I. Lavas, or volcanic Matters ; that is to fay, formed 
by Volcanos. be | 


. 


Species I. Porous Scoriz. 


fas in irregular mafics. 
2. in ftriped maffes, 
: . . 
Varieties 2 3. in ftalactical forms. 
* 14. in fragments, LaPiLLo. : 
ie in {mall fragments. PouzZOLANA- 
6. in powder. VOLCANIC CINDERS. 


Species If. Bafaltes. 


Compaé and [eintillating, blackifb cinereous frafture, with brilliant 
points, without {mall plates, like thofe of fcintillating [chiftus. 


I. in irregular maffes, 


‘s 7. 2. in round mafies, 
% Varieties. 2 3. in flat maffes or tables. 
i . in prifms of 3, 4, 5, 6, 7,8, org fides, 


5+°im articulated prifms. 


Species III. Glatfs. 


; 


1. in detached fibres, GLASs GALL. 

Varieties. J 2: in agglutinated fibres. PUMICE STONE. 
3. in compact mafles, VOLCANIC SCORIA. 
LAPIS OBSIDIANUS. 


ie Genus II. Volcanified Matters or Subftances altered 7 by the 
~ heat of volcanos appearing to have been bated, calcined, melted, 
er vitrified. ? 

Species I. Granite. 


iI. Garnet. 
JII. Hyacinth. 


‘ ‘IV. Mica. 

.- V. — Peridot. vB 

3 _. VI. Quartz. 

- . VII. Schorl. 

— .. VIII, Scintillating. Spar. 

— IX. Calcareous Matters. 

— _ &. Baked Earths, ‘Tripoli. 

RTE OPTICS PTR PCT RCT ah a Sa 


#*™M. Daubenton places the volcanic products at the end of the minerals, without 
ranging them under any one of the four orders that conftitute his method. As it 
is ufual to ftudy the hiftory of thofe fubftances together with ftones, I have thought 
proper to adjoin them here, F, . 


a 5 lij 
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STONES, whofe nature is not fuffciently known to indicate the 
les to which they belong. 


‘ 


Jargon bf Ceylon, | if ioV 


Cryftallized in hee on pri Ue with pyramids. f 4 beiaaoy: 


gular faces. 


It feems that the name of Jargon is given to ‘many “ee 


whofe ftructure is'yet unknown. 


_ Macles, 


_. blue crofs. 


The Macle has been regarded as a fchorl; but wen opinion is 
not yet preyed: 


4 


White Cryftals, 
In flattened prifms of 10 fides, with 2 fummits of 4 faces, one 
forming a concave, and the other a conver ges Sten 
"Violet or green Cryftals, 
Rhomboidal with 2 facets inftead of tro oppofite angles. 


b 
j 


“The name of Schorl has been given to thefe white, violet, and 


green cryftals, thaugh they do not appear to be of the ‘nature of. 


{chorls. 


CHAPTER Hil. 
ON CLASSIFICATION OF EARTHS AND STONES, Watinine TO 
, THEIR CHEMICAL PROPERTIES. 


Cuemists, wd have employed satiate in the examination 1 of 


minerals, have adopted the opinion, that it is of importance to 


afcertain their mutual agreement or difference from their re- _ 
fpe€tive nature and chemical properties. And though their la- 
bours have not yet been fufficiently diverfified and extended with, 


refpe& to earths and ftones, to afford a foundation for any very 


accurate eran een mt thefe fubftances on fuch- principles 5 i¢ 


é 


In f[quare prifms or cylinders; whofe sia feition desfiis a 


ee 


lll 
+ a 
a 


— 


« 
ad 


iad 


- 


> © 
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a 
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is, neverthelefs, of importance to know the adtual ftate of the 
information we poflefs concerning their chemical propertics, 
and the influence thofe properties may have on the method of 
clafling them. 

_ Among the many philofophers who, fince the time of Cron- 
ftedt, have availed themfelves of the chemical properties in the 
claffification of earths and ftones, Meflrs. Bucquet, Bergman, and 
Kirwan, have fucceeded the beft, and have exhibited the most 
valuable and complete fyftems of lithology, confidered chemically. 
The order followed by thefe three chemifts not being the fame, 
and each poflefling its own peculiar advantages, we shirt proper 
to explain them in order, at the fame time pointing out their 
refpective defects. 


_§ 1. The Chemical Divifion of Harths and Stones, propofed by M, 
Bucquet. | 


Mr. Bucquet, after having long endeavoured to unite the di- 
flinctive external chara€ters made ufe of by naturalifts in their 
arrangement of earths and ftones, with thofe which chem:icry 
affords, had at length adopted a compound arrangement, which 
he propofed to have ufed in his ledtures, when his death de- 
prived the fcientific world of the continuance of his labours 


* the converfations I had the happinefs to enjoy with him durin, 


the lingering illnefs to which. he at laft fell a facrifice, I collec 
ed every detail. relative to his lithologic method ; and the fruit. 
of thefe valuable converfations have been already communrcated 
to the public in the firft edition of this work. I fhall here ‘re- 
peat the fame, with the addition of fuch notes as the. labours o 
men of {cience fince the year 1779 have rendered neceflary. 
According to Mr. Bucquet, earths and ftones are divided in: 

three feGiions. The firft comprehends the fimple earths 


$5 


a ftones; the fecond, the compounds of thofe fimple bodies 5 2°. 


the third, the:mixtures of either or both. | 

Simple earths and ftones in a ftate of purity are infipid, dr), 
hard, infoluble, and infufible fubftances. If fome of theie ap- 
pear to poffefs thefe charaCters in an inferior degree, more par- 
ticularly by. being in a certain manner fufible, it is always to be 


attributed to the admixture of foreign matters. The chemical 


ways fhows their purity, by its infuicieney to feparate them 
S iiij 


— 
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into other more fimple fubftances.. The number of, thefe flones 
is much lefs than Bucquet fuppofed. ° iquertotdi 


Compound earths and {tones mutt be atic as combine: 
‘tions of different fimple. earths, with faline and metallic, fube 
ftances. Thefe combinations have been made in the greatlabo- | 
ratory of nature, by means of water or of fire. Their chemi- | 


cal characters are fufibility, the property of affording various 


kinds of glafs by the action of fire, and. the property of being | 
feparated into other-more fimple fublances by the erent of fhe ) 


vents, more efpecially acids. 


Mixed earths and ftones are known to. be fuch by rs ‘ons 


They feem to be compofed of an irregular affemblage of dif- 
ferent {tones or earths, either fimple or compound. It may readis 
ly be conceived that this irregular mixture muft be mechanically 


feparated into its parts before the chemical analyfis can be pro- 
ceeded on, which muft be done by the examination of each — 
kind | by itfelf. Chemical experiments, may then steiaeotane Micts. 


nature with certainty. 
SECTION I. Belk obncl 
Simple Earths and Stones are divided into four Orders. 
ORDER I. Vurreaus STONES, | 
They poffefs extreme hardnefs and perfeét tranfparency ; their 


fracture is vitreous; they give fire with the fteel ; and the a€tion \ 


of heat alters neither their tranfparency nor theit hardnefs. 
This firft order contains two -aieeony a rock oh and the y vi~ 
treous precious ftones. 


€* re 


: _... Genus I. Rock Cry 


Rock cryftal exhibits /all the charaéters: of vitreous precious’ 


ftones, in the moft eminent degree. It is diftinguifhed from the 
following genus by its fraéture, which is fimilar to ssi of hal 
Its various kinds may be diftinguifhed— 


veld ver Gh With refpett to their form. 


Specs a, Solitary, hexahedral. cryftals, with poe hexahedral Sa 


_ pyramids. — According to the Abbé Rochon, they 
_ produce. the divifion of light Duiisids called A dovble 
refraction. i‘ gh 
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ai ee! 2. Hexahedral cryftals in. -BIOUPSs with one or two 
eo _ points. 
3. Tetrahedral, dodecahedral, Fiathetieds &e. cryftals. 
_'. Thefe are always hexahedral cryftals, whofe facets 
are varied and irregular. 
4. Rock cryftal in mafies from Madagatcar: It has the 
property of double refraction, like the firit. 


2. With refpect to colour. 


§.. Reddifh rock cryftal. 
6. Smoky cryftals. 

4. Black cryftals. 

8. Yellow cryftals. 

g- Blue crytftals. 
10. Green cryftals. 


3: With refpeet to accidental events. 


11. Hollow rock cryftal. 
12. Containing water. ) 
13- One cryftal included within another (emboités)e: 
14. Rounded ; pebbles from the Rhine, 
15. Encrufted with metallic calces. 
16. In geodes. 
17. Containing amianthus. 
18. Containing {chorl. 
19. Encrufted with pyrites. 
Their formation by water is proved 
1. By their tranfparency. 
‘etiyg 2. By the form of {mall cryftals. 
. By the enclofure of one cryftal in another. 
. By their including fubftancee alterable by fire. 


¢ Thefe ess are cut and polithed : into the form of vafes 
and into toys. . 


GEnus I. Vitreous precious Stones. 


The precious ftones, placed under this divifion, have all the 
charaéters 0 of rock cryftal, and more particularly its unchange- 
ablenefs by fire. Though this arrangement may feem an inver- 
fion of the natural order, and Bergman has aflured us, that he 
has found thefe ftones to confift of feveral matters combined to- - 
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wether’ 5 yet in their hardrels/! tranfparericy, and habitudes in 
the fire, they greatly refemble rock cryftal, They differ from 
it, however, in their fuperior hardnefs, more lively arid clear co- 
dour, and in their fraéture, which is lamellated. The chemical 
difference which exifts between all precious ftonés, more efpe- 
‘cially ‘as far as relates to the alterations produced in them by fire, 
induced M. Bucquet to feparate them from each other, and to 
_ include them refpectively in fuch orders of ftones as sit - 
peared to refemble the moft. : 
The following four precious ftones are diftinguithed hoa) thie 
refhs by the appellation vitreous. 


Species. —1. Oriental topaz. 
2. Hyacinth. STE Wea HS A 
3. Oriental fapphire. mi Sis J 4 
4. Amethyft. ae hy 
M. Daubenton' always regarded this laft as a quartzofe: cryftal. 


_ ORDER II. Quaktzosz Stoves. 
They have lefs hardnefs and tranfparency than the foregoing. 
Their fra€ture is vitreous, and they ftrike fire with fleel. Heat 
caufes them to lofe their hardnefs and tranfparency, and reduces 


them to a white and opake * earth. We fhall range four ge- 
nera of ftones under this order. 


Genus I. Cifarted Smear nae is ? 
Has all the preceding charaéters. 


reo bet 
Species.—I.  Prantparont quartz, eryftallized i in hexagonal pyras 
mids, without prifms of any fenfible a. tength, or with 
9... every fhort prifms. bay 
‘owe: bo pte tl sant parent quactz, in maflesay,.otiecth oh gag 7 
3- Opake, or milky quartz. vel GN ate, 
Ae Fat DEAR 


- 


oo * Ibis on acount of their different habitudes in: dhe firé, that: M. Bobquer 
thought, it, proper to diflinguifh quartz from rock cryftal, and to make a particu-— 
lar genus of each, He has alfo obferved, that this ftone’ quenched in Water, af. 
ver having been heated red for feveral fuccellive times, communicated ac it Ea 
‘pertiés to the’ fluid. ee mutt determine whether this di tinction 
pe'well founded, F, 
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g. Weathered or rotten quartz. 

6. Green, blue, or violet quartz ; prifm of amethytt. 
%. Yellow quartz of a lamellated frature. 

Saxon. 

Brazilian. 

“Thee topazes have all the chatacters of quartz. 


Topaz, 


Genus II, Flint, Agate. 


Flints and agates form {mall round maffes, moft commonly 
opake {though fometimes femi-tranfparent), either hollow or fo- 
lid, varioufly coloured and difpofed in ftrata 5 in chalk, as is the 
cafe with flints ; or in clay, as are the agates. _ Their fracture is 
fometimes fealy. 
Species. —1. Grey flint. 
2. Yellow flint. 
3- Red flint. 
4. Corneous flint; gun-flint. 
5- Brown flint; Egyptian. 
6. Tranfparent {potted flint; German agate. 
4. Red agate; Carnelian. 
8. Pale red agate. 
g. Brown or yellow agate ; fardonyx. 
10. Onyx; concentric lamin. 
rr, Laminatéd agate, difpofed in horizontal layers. 
me, 2° * Much of the appearance of the lamin, and their 
| difpofition relative to the figure of the ftone, de- 
pends on the cutting. 
Dendrites ; herborized agates *. 
12. Agate with fi- 3 Antropomorphites. 
gures. | Zoomorphites. 
| Uranomorphites. 
13. Agate apparently mouldy, or marked with fmall 
wits greenifh points, generally owing to mofles. 
44. Agate of four colours; elementary. 
15. Grey agate; grey chalcedony. 


re. 16. White or milky a- in tia 
_ gate chalcedony. — im ttalactites. 
‘4 > worn round ; cacholong. 


Hee i. Daubenton has fhewn, in a faemoir read to the Academy, that prareey 
{tenes contain very fine moffes, or fmall grains of black iron ore. 


em re 


Re 


28.4: 3 MINERALOGY. 


a) White agate, re fe a. { Chatoyant agate of Be, lapidaries, 
| Cattsevewiid , . 


ing the light in a pe- oihie semaine be daeeade 
-culiar manner, call- Opal. 
ed chatoyant. ale He ie ce 


18. Brown. agate; with brilliant gold-coloured {pecks. | A. 
vanturine, 

19. Oriental agate. )/ | 

20. Agate.encloling water. Hnhydre, Lia aa ig 


That the formation of quartz, agates, and flinis) is owing to 
spt psi is evident from & fi 
“1. Their form.’ 
2. Their laminz, or beds. SE ae 
3. Their mafles. . bert : 
4. The water they contain. 
3. The organic matters included in them, asin the sil ot 
mouldy agates. | 
The hiftory of the geeodes likewife proves this truth. Thefe 
are ftony boxes filled with cryftals, in which filex and cjuartz are 
found difpofed in concentric laminz. 


Z , 


5 


Genus III. Organic Matters converted into Silex, or Agate. 


_ The’ organie form, ftill vifible, together with the charaéters of © 
quartzofe ftones, ecinesibn them from all the other press of 
this order *. ; 

Speci}. Petrified wood 5 ‘ftill fibrous sini faleesbte of po- 
lithe 7 ‘ 
2. Wood, etiats eins is diftinguifhable on. account 
of its texture. » Fir. i 
Sea urchins and madrepores, converted into filex. 
, Shells agatified: | v Hipsq eer: ( oops 
: Carpolites ; 3 thefe have been’ falfely mpd as petris 
fied fruits 5 they are inc ae ludus helepantij filicified. 
. Entrochites. 1 1 Sr peeomaiors 
- Lapis frumenttarius filiceus. ye Sih ee 


pe ae 


mae aia ‘pethaps, | be euch & more natural to form a particular clafs of ssidial . 
and vegetable fubitances, altered during their ftay inthe earth, ‘This clafs might 
be, named foflils, and might he phase at. the end of the argeniEed kingdom. Note — 
ef the author. eK) ! , oan 
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It gives fire with the fteel, does not effervefce with acids, and 
feems to be formed by the aflemblage of cornua ammonis, divid- 
_ed perpendicularly to their volutes. 
There are two opinions concerning pleitection. According 
to the one, the organized matters are entirely converted into 
ftone. According to the other, the void fpaces left in foft earths 
by animal fubftances, or the intervals in the texture of vegetable 
bodies, have been filled by the gradual depofition of earthy’ mat- 
ter. But there is nothing certain with regard to the caufe of 
this phenomenon. It has been obferved, that vegetable matters 
almoft always become quartzofe, while animal matters moft com- 
monly become calcareous; and that vegetables fcarcely ever pafs 
into the calcareous ftate, at the fame time preferving their tex- 
ture*. This obfervation may fuffice to fhow, that there is no 
fuch thing as petrifa€tion, properly fo called, or real change of 
organized fubftances into ftone. For, 1. Shells and Sedsonanes 
{uffer no other change than the lofs of their mucilage or animal 
gluten by. putrefaction, and become thin calcareous {keletons, 
fuch as they exifted entire during the life of their inhabitants. 
2. The pretended petrifactions of wood are nothing more than 
_depofitions of vitrifiable earth. In proportion as the fibres are 
deftroyed by putrefaction, filiceous earth is depofited in the ca- 
vity, which retains the organic figure; and at length, when no 
more vegetable matter is left, the petrifaction is completed. 


Genus IV. Jafper. 


Jafper poffeffes all the chara€ters of quartzofe ftones, It is 
not fufible, but lofes its aggregation by heat. It is a very hard 
 ftone, fufceptible of a beautiful polith, opake, and variegated 
with different colours. Its fraClure is vitreous and dull. It is 
very feldom ranged in ftrata, but moft commonly forms confi- 
derable maffes or veins in rocks. It is alfo found in {mall round 
' maffes. Moft of the famples of jafper are mixtures of quartz 

and chalcedony. Some contain calcareous f{par. 

| 

* Since the difeovery of the fluoric acid gas, which has the property of depo- 
iting filiceous earth, fome naturalifts have thought that petrifaction is owing to. 
a fimilar phenomenon ; but this opinion can be only regarded as an hypotheiis, till 


the exifteuce of an acid holding filiceous earth in folution i in the bowels of the 
earth can be hhown. Note of the author, . 


2% 
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‘The fiecies' of jafper’ have been greatly multiplied by natitra- 
lifts. They may be reduced to the following : | 


Species.—1. White Naa 
2. Grey. st 
| 3. Yellow. 
al 4. Red. 
Josie Fe Brown. 
6. Green... '- 
. 74, Wemed, 
8. Spotted. 
_ . Green, with red points. Blood {tone. 
to. Flowered. 7 
Toys, and more efpecially cups and faucers, are made of jaf- 
per... Many antique {culptures are in ftones of this nature. — 


Genus V.- Grit-ftone, or Free-ftone. - 


Grit-ftone is opake, of a granulated frature, much lefs hard 
than quartz or flint.. It exifts in enormous maffes, more or lefs | 
hard, and of a grain coarfer or finer in different fpecimens. 


Species.—t1. Grit-ftone cryftallized in thomboids. - M. de Laffone 
has proved that their figure is a confequence of 
their containing calcareous earth *. — 

2. Grit-ftone in the form of cauliflowers, balls, Se. 

3. Grit-ftone in ftalagmites. 

4. White. : 

5. Grey. rt ie sai takatl 

6. Bed...» i suis 
| 7» Black, or brown. 

8. Veined. "4 
9 Figured, or dendritical. 
10. » whofe aggregation is deftroyed 5 fand. . 


The following are the varieties of fand : 
Varieties—t1. _Quickfand. 
‘2. Angular fand. _ | ! 
3. Sand rounded by the ation of water. a 
4: Pure wii han iidcoiadeaile 


* Memoirs of the ocak of Sciences for the year 3777. 


\ 


- 
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Wie §. Micaceous fand 5 glarea. 
6. Yellowith fand mixed with clay; fouled fand. 
+. Ferruginous fand; yellow.~ 
8. Ferruginous fand; black. 
g. Blue fand; from copper. 
to. Violet fand; from tin. 
z1. Auriferous fand. 


ORDER III. ARGILLAcEous Earrus anp STONES, 


‘They have a greafy feel ; are kneadable; ftick to the tongue 
when dry; are foliated; often coloured; are difpofed in beds or 
{trata, and in large mailes. 

Their aggregation is lefs {trong than that of quartzofe ftones. 
They have a greater tendency to combination, and are therefore 
moftly altered. Heat caufes them to contract in their dimen- 


\" fions, and gives them fo great a degree of hardnefs, that they 


emulate the quartzofe ftones, and, like them, give fire with the 
fteel. ‘Water reduces them into pafte, and in larger quantities 
divides them, and renders them pure by the mechanical fubfi- 
dence of the groffer fubftances they may contain. ‘They retain 
water fo ftrongly, that they cannot be again totally deprived of 
it. 

Part of their fubftance combines with acids. Some chemifts 


have fuppofed that clay is nothing but the filiceous earth changed 


by the fulphuric acid; but this opinion is not founded on any 
dire& proofs, 

Many naturalifts have thought that vitrifiable earths, by long 
expofure to external agents, water, air, and heat, become more 
and more divided, and are at laft reduced to fuch a degree of 
fubtlety, as to be foft to the touch, and fufceptible of union with 
water; or, in a word, that they become clay. This theory, be- 
ing founded on fome accurate obfervations, feems to deferve more 
confidence than the former; but neither the one nor the onlier 
are completely proved. 

On the two properties of clay, namely, its duCtility when fof- 


_tened by water, and the hardnefs it acquires by baking, are found- 
ed the arts of making tiles, bricks, and all the varieties of potte- 


ty; the details of which belong to the hiftory of thefe earths, 
Naturalifts have defcribed a great number of fpecies of argilla- 
2 


* 


/ 
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ceous earths, and have confounded with them many which are 
not argillaceous, as well as certain compound ears as ferpen= 
tine, zeolite, trapp, &c. : 

The name of argill, or clay, ought not to be given to any — 

earths. bat {uch as harden in the fire, are kneadable with water, 
and form alum with the fulphuric acid. 
_ M. Macquer, who has examined a great number of ae . 
found none abfolutely pure. The colour and fufibility of many 
of the {pecimens are owing to the admixture of eke Stee 
tible and metallic fubftances. 2 

The late M. Bucquet diftinguifhed them into four genera. 


- Genus L Soft and auétile Clays. 


They may be kneaded when firft dug out of the earth ; ‘they 
become dry in the air. 


Species.—mt. White clay.; pipe clay. 
| 2. Sandy clay. ye 
3. Dudtile blackith clay; for white pottery. . 
4. Clay with mica, kaolin; partly fufible ; for porce- ! 

| lain. | 
_, _ 5+ Metallic clay; fufible ; , fealed earth, Armenian bole. 
_. ©. Pyritous clay; fufible ; blue, green, or marbled ; for 
common Rave Y: : : jt 


™ 


Genus If. Dry friable Clays, Tripolis,  . 


All the clays which M. Bucquet ranked among the trib, 
are found dry in the earth. They are all formed in beds or ftra- 
ta, frequently very thin. They all wear away by rubbing with _ 
the finger, and are reduced, into powder. They imbibe water .. 
with great avidity, and ftick to the tongue, apa 


1. Dry, grey, foliated clay; fuller’s earth. : * 
2. Red tripoli. Some fuppofe it to be a voleanic pron ; 
| duction. bi 
a Grey tripoii. ) panes 
. Black tripoli. : ; op saihiniies 
é ‘Rotten ftone ; of an olive grey. ag dee 
* Academie des Sciences, 1758. i | 
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aia | | Genus It. Schitti. 


~The fchitt ax are eS ftones, which eafily {plit into plats : 
& ey are very much compounded, and fufible. They form large 
"Blocks, placed with various degrees of obliquity i in the interior 
F arts of the globe. Almoft all the quarries of this fubftance 
ve impreffions on their upper furfaces, of parts of plants, of 
_ the clafles of rufhes, fern, &c. and-of hells, fithes, infects, &c. 


$ - ame Black fchiftus, friable 5 dnipelite. 
2. File fchiftus, flate: 
3. Black f{chiftus, hard, flate for writing. 
_ gq. Red, brown, &e. fchiftus. , 
-g, Schiftus, with vegetable and animal impreffions: 
a 6. Very hard fchiftus, for fharpening razors. 


(© (Genus IV. Feld-Spar: 


a ‘it is formed by thomboidal laminee ; its fra€ture is {pathofe ; 
it gives fire with the fteel; whence it has been called {patum 
| Pfeintillare,- Iti is harder than the {chifti, and is fufible. Mr. Buc- 
q et thought it to be an argillaceous ftone, coloured by i iron. 
a M. Monnet fays, it is Aone of quartz, clay, magnefia, and a 
all portion of calcareous earth: ‘The. difference of opinions 
icin the nature of feld-fpar, arifes from its not being yet 
li kid6wn. Future experiments may ferve to fix its place *: 


Species.—-t. Prifimatic feld-fpar f. 

Ge 4. White feld-fpar. 

il ; Red feld-fpar. 

4, :- Green feld-fpar: 

7 5. Blue feld-fpar. 

ie Biaden cnn and oometeptinennrnoon d ; _ ’ 

i />°* Father Pini, an ftalian naturalift, is the firft who difcovered the feld-fpar in 

ryftallized form. Since his time, it has been found in many parts of France, 

I tic arly at Roanne in Forez, where they are veryregular. I have given a full 

as of ription of the feld. {par found in the granites of Alencon, which is one of the 
oft regular dnd b&utiful I know. See my Memoires de Chimie, Note of the aue 

* M. Daubenton has piaced it among the fcintillating ftones. Three characters 

odiftinguifh it from evety other kind Of ftone. Its textute is fpathofe; it is cha- 

toyant; and it gives fire with the fteel. From thefe characters, this genus ought 

8 contain more {pecies than the late M. Rucquet attributed to it. M. Daubenton 

. ns the fithes cyé, the avanturine, the Labradgr ftone, &e. of this genus. Set 

bi is itabies Note of the author. 


4 Fol. f. T 


290: MINERALOGY: = =° 


ORDER IV. - Farse Cars. 


\ 


They refemble clays only i in their foliated texture, and grealy 


appearance; fome harden in the fire. | seen Oy 
They differ from clays, in not making a pafte with water 5 


and moft part of them melt in the fire. With the fulphuric acid, 


they afford a falt in needles, which does-not change in the air, is 


foluble in four or five times its weight of water, and does not | 


fwell in'the fire. In a word, it is not alum. Thefe charafters 
have been given by M. Bucquet, who examined many of thefe 
ftones. But as they are yet very little known, they may be pla- 
ced after the clays. The Abbé Mongez obferves, in his intro- 
duction to the Sciagraphia of Bergman, that thefe ftones would 
be ‘more properly termed magnefian. I am much inclined to 
adopt this nomenclature; but more numerous experiments feem 
to be neceflary, before this name can be unalterably fixed. 


GrnvusI. Lapides Ollares, hard. 
Their texture is fcarcely at all foliated ; their appearance | ig 
greafy ; they take but a bad polith. ? 
Species.—1. Grey lapis ollaris from Sweden. 


2. Greenifh colubrine of Sweden. 
3. Yellowith foap-ftone of China. 


4. Brilliant green; jade. The lapis nephriticus, and 
thofe of Otaheite, were varieties of jade, according. 


to M. Buequet. We may obferve that jade is very 
hard, and gives fire with the fteel. It is doubtlefs 
after Pott, that M. Bucquet Hire it gang the la- 
pides ollares. 

5. Duty green lapis ollaris. Colubrine. 


6. Serpentine. A ftone of deep green, or blackith eo- | 
Jour, with black {pots or veins, like the fkin of fers 
pents. We have placed it at the end of the lapides 
ollares, on account of its afpect, though i it feems to 


be a compound ftone. 


Bo 


Genus I. Tender Lapides Ollares, Steatites or Smeétites: : 


‘They have a more foapy feel than the preceding. _ ‘They are 
very eafily cut; they lather with water; fome kinds have a feria 


ing refemblance with foap. 
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eT, White ftéatites, compact; Brian¢gon chalk, 
2. Brilliant or glittering Briangon ieee Venetian tale 
i of the druggifts. 
2% White fteatites from Norway. ? 
4. Red marbled fteatites from Norways . . 
5. Reddith fteatites from Norway. 
6. Green compact fteatites from Norway: 
4. Green and red fteatites from Norway: 
8. Green fteatites, foliated; tender colubrine from. Nore 
"way. 
9: Black fteatites. | 
to. Grey and brilliant fteatites, plumbago, molybdena; 
and improperly black lead. This being pulverized, 
and made into a pafte with ifinglafs, is enclofed in 
7 {mall wooden cylinders, which are cut to a point at 
v ? the end, and ufed as crayons or ‘pencils*. The 
a Englifh pencils are made of plumbago alone. 


Genus Ill: Talc. 


€ is compofed of polifhed and glittering laming, of a jelly-like 

anfparency, applied one on the other: It appears that thefe 

ie are fometimes cryftallized in hexagons, or fections of fix-' 

fided prifms. By a violent fire it melts into a coloured glafs. 

Species:—1. Talc in large tranfparent plates; Mufcovy glafs. 

| 2. Talc in very fmall filvery white fpangles. 

3. Talc in very {niall gold-coloured fpangles. 

The two laft mentioned are ufed as writing fand, 
undet the name of filver or gold duit. 

; Talc worn into the form of pebbles: 

Talc in black fpangles. 

Tale 1 in so a seein t fpangles. 


* sine the death of M. Bucquet, and the firft impreffion of this book, Mefirs. 
ch m Fake, and Hielm, have made very fuccefsful refearches into the nature 
of plumbago: They have difcovered that this fubftance is a kind of fulphur, form- 
ed, according to them, by the combination of the aerial or éarbonic acid with phlo-~ 
We fhall give its hiftory in that of iron: The fame chemitts, and efpe- 
> M: Schicele, have rade a proper diftin@ion between molybdena and plum- 
703 which naturalifts have, till lately, confounded together. Molybdena is. ree 
a wrded by. Scheele as a compound of fulphur and a peculiar acid, which he called 
te ed for of moly, bdena. (See the Hiftory of Sulphur.) It is the gor kahit which is 
M tor ‘ee dim Note of the author. 
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. Genus IV: pentane Afbeftos. 


This genus of ftones is formed of fibres or threads placed pis 
rallel to each other, or interlaced together like tiffue; the fibres 
are either rigid or flexible, and differ from each other in thick- 


nefs, length, and colour. The ancients wove them into a cloth, 


which was called incombuftible linen, and ufed to envelope their 
dead when burned on the funeral pile. It ferved to retain and 
collect their afhes, &c. : | 

By a violent fire, amianthus is eafily melted into a coloured 
opake glafs. 
Species.—1. Afbeftos, hard and grey, with vor fibres ; ae 

ous afbeftos. 
, hard and green in parallel fibres. ' 
» hard and green, with fibres in bundles. 
» with diverging fibres. 
» with foft fibres. 
. Amianthus, hard, with parallel Habel. ie 
, hard, with parallel white fibres. 

» with white brilliant fibres in bundles. 
0. in hard bundles, yellowifh. 
—, white and flexible. 
L 1. een STCY- 
12. Mountain flefh. . | | 
leather. Wis hry Seeeeaiey 
cork. 


i4,.— 


SECTION IL. 
Compound Earths and Stones. 


They are not diftinguifliable by the eye from thofe of the pres | 
ceding fection. As to their characters, they are formed of. mat-_ : 


ter apparently homogeneous, almoft always coloured, moftly O- | 
pake, but fometimes tranfparent, and moft fpecimens are regu- 
| larly cryftallized. Their form and colour ferve to  diftinguith the 


genera. 
glaffes. Their fracture is fometimes vitreous, fometimes fealy.. 


In thefe fubftances it is that nature has came earths, salons i 


and metals together. 


M. Bucquet divided thefe ftones into two orders. ‘Tn the ft : 


They are all very fufible, and afford different kinds of — 
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wer comprehended ¢arths and ftones, compofed by water, to 

eee gave the characters proper to the products of that ele- 
He divided this order into two genera, namely, ochres 
d zeoli ite. In the fecond, he placed fchorl, macles, trap, azure 
the fufible precious ftones, volcanic cryftals and glafles, 
sl pani ftones. He regarded thefe eight kinds of {tones as 
ne products of fire. We have confidered it as our duty to ex- 
h bit the ideas Of this celebrated chemift; but as the diftindtive 
@ aracters of thefe two orders are not yet eftablifhed on nume- 
‘rous and conclufive proofs, and as. M. Bucquet himfclf propofed 
them as mere fketches, we fhall here give the hiftory of the feve- 
al kinds in fucceffion, without adhering to his method of divi- 


i a8 


¢ 


‘Genus I. Ochres. 


Bb ches are lefs ated on by water than clays. They are fri- 
ak », and foil the fingers; their colour is caufed by metallic fub- 
‘f ces, almoft always iron. When urged by fire, their colour 
becomes more intenfe. A violent heat melts eet They are 
anfec aes ements. 


. ~ 


“i cies. —1. Yellow ochre. 
a 2. Red ochre, blood colout. 
3 3. Green ochre ; earth of Verona. 


4- Brown ochre ; umber. 


. Genus II. Zeolite, 


“eolte firft defcribed by Cronftedt, is a ftone compofed of 
sdles diverging from a centre, or even of detached cryftals. Ic 
Ky Beier gives fire with iteel, nor effervefces with acids. Expofed 
to the action of fire, it {wells up, and affords a white glafs 
nbling enamel. By diftilation it affords much water. The 
othe contains, according to Bergman, filiceous, aluminous, 
‘and caleareous earths. M. Bucquet, who likewife made the ana- 
ly 8 of this fubftance, affirms, that he found very little filicecus 
s th, anda peculiar earth, which is neither aluminous nor. cai- 
ca “pig but forms with the fulphuric acid a cryftallizable ialt in 
Ml fhining plates, refembling the boracic acid falt, which he 
is Ae iiigh: ptoper to call zeolitic earth. Thefe two earths are 
Feyttaltizable together by, the <Mittance of water, which makes 
| ; T iy 


» 
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more than one eighth of the whole compofition. M. Bucquet 
obtained one drachm and a half of water from an ounce of the 
white zeolite, of the Ifland of Ferro*. The property of forming 
a jelly with the different acids is not peculiar to this fubftance, _ 
but is common to the azure ftone, tin, and to feveral ores of 
iron, &c. Its origin and formatton are unknown 3 but it is a+. 
bundantly found among the produéts of yolcanos. It is very 
plentiful in the ee of Ferro. We are acne with fix 
forts. 


, 


i. 
fae 


ee White zeolite in tranfparent flees!’ 
. White zeolite in compa “ald te 
3. Red zeolite. ant 
4. Green zeolite. 
5. Blue zeolite. 
The red, green, and blue, have not t been examined } 


Gunvs IH. Schorl. 


Schorl is 2 ftone of a more or lefs dark colour, cryftallized, add 
varying in its figure, moderately brittle, and giving fire with fteel. 
It readily melts into a black opake glafs. According to M. Bue- 
guet, it contained alumine and iron in combination, Bubbles 
have been obferved in the internal part of {chorls, fimilar to thofe 
in the flags at glafs-houfes. | 

Its origin is not well known. Some perfons regard it as a vol-. 
canic product, becaufe it is frequently met with in places which 
have been burned 5 but it is likewife found among matters form- 

ted bytnwater, oye ¢ : fe 


Species.—1, Violet fchorl, cryftallized in flat rhomboid, 
2. Violet, in fibrous maffés. | 
3. Black, in prifms of four, fix, eight, | or nine fides 
with pyramids of two, ‘three, or ee —, like the 
violet fchorl. | , ay 
4. Black fchorl in maffes.’ 0 ere | 
5. Green fchorl in lamellated matffes. dt 


ae 


ies bit odstia i Shomuil if Seicagere trom: IX. page 596. 
+ M. Pelletier, the pupil of M. d’Arcet, has given (Sfournal de Phyiqu; 1782, 
P, 420. ) a memoir on the analyfis of the zeolite of Ferro. By very. accurate expe= 
riments he found that 100 grains of this ftone contain 20 of pure clay, 8 of lime, 
50 of filiceous earth, and 22 of water. Note of the author. 
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6. White bluifh fchorl. 
ms Eletric {chorl of a reddifh yellow, tourmaline, 


Genus iV. Macles. 


By this name we underftand certain prifmatic opake ftones, of 


ee: 3 a dirty appearance, often regularly formed, ‘Their analyfis made 


by M. Bucquet, fhows that they approach the nature of {chorls. 


RE! They are compofed of iron and clay. 


Species. —1. Tetrahedral macle, whofe fection Dass the figure 
| of acrofs. It is found in a kind of hard, deep blue 
fchiftus of Brittany ; it is very adhefive, and very brit. . 
tle. When broken, two bluith lines are feen on its 
tranfverfe fection, interfeQting each other in the 
middle, and forming a crofs. Sometimes the mid- 
dle of the prifm appears to be filled with a matter 
| fimilar to that of the gangue. 
2. Crofs-ftones. Hexahedral prifms, articulated. and 
crofled in the middle like the arms of a crofs. 
They are found in the leaves of yellow mica.’ The 
two branches fcarcely ever crofs each other at ‘right 
angles. 


Genus V. Trap. 


Trap is a hard ftone, of a fine grain, of a foliated fracture, 


- 


a with angular indentations like fteps, It is of a deep blackith 


green, often inclining to the colour of ochre : Sufliciently hard 
to give fire with fteel ; and affords a blackifh glafs in the fire. 
It is always covered with a kind of matter lefs hard than its own 
fubftance. Its component parts, according to M. Bucquet, are 
clay and iron, the latter being in the proportion of twenty-five 
pounds per quintal ; fo that it may be ranked among iron ores. 
g . Daubenton confiders it as a fchiftus containing quartz in fand. 
___ We know but of one kind of trap, which is that above defcribed. 


; oA _.. Genus VI. Azure Stone ; Lapis Lazuli. 
| Its colour, the finenefs of its grain, the analyfis, which fhows 


bias this ftone contains iron, are reafons for placing this imme- 


diately after the foregoing. ‘There are three fpecies. 
TD iy 
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Species —1. Oriental azure f{tone. 
2, Azure ftone of ‘a pale i frequently nding to 
purple. ; 
3. Armenian ftone, {potted with white and pale igs, ae 
‘The beautiful blue called ultramarine, which is pied by - 
painters, and is one of the moft ‘unchangeable we 
are ct ei with, is Ae ibid from this OU : 


Genus VII. Fufible Cryftals, called Caine: 


’ The chemical differences obferved between He feveral ‘tinda 
of precious ftones or gems, ‘induced M. Bucquet to feparate 
them from each other, and to clafs each in the order or fection. 
to which it feemed to belong. Thofe which’ are ranked in this 
place are’ evidently of a compound | nature.” M. Bergman found — 
them to contain many fubftances, fuch as filiceous earth, clay, 
lime, and“iron. “They are all fufible, and of a Jarninated ftruce 
ture. Their fracture is lamellated. OE a 
Species.—1. Aqua-marine. 

CO tg metalas. 

3. Chryfolite, — 

i Raby. 
s- Bohemian garnet. OV sey Bo 
6. Garnet. 


GENUS vit. Volcanic Cryftale. 


In this genus M. Bucquet comprehended all is ial formed 
ftones, tranfparent and coloured like the | gems, but which have” 
neither their hardnefs nor brilliancy. They are found i in cavities 
lined with {mall brilliant particles of the fame nature agglutinat-_ 
ed together. ‘They are met with in the neighbouthood of vole 
_canos. We admit three fpecies. 

Speciesy—t. Volcanic chryfolite ; ; polyhedral eryftals of ¢ a golden 
green. : 

2. Volcanic hyacinth 5 polyhedral cryftals a orange 
yellow. 

3. Volcanic garnets. They greatly refemble laste gare 
nets 5 but they are irregular, and feattered among, 
or on the furface of, brilliant lavas, together with 
the t ps foregoing. tT aS Hae 


DO te a ee 


— ee 


ah ee 
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Genus IX. Pumice Stones, . 


_ Moft of the pumice ftones appear to confift ofan affemblage 
of vitreous fibres, like threads wound on a clue. Their fubftance 
is a true combination of various matters fufed by volcanic fires. 

’ Pumice ftones may be diftinguithed into four kinds, each. of 
which has many varieties. 


Species —t. White fibrous pumice ftone. 
2. Coloured fibrous pumice ftone. 
3. Cellular and light pumice ftones. 
4. Cellular and compact pumice ftone. 


Genus X, Volcanic Glafs. 
The glaffes melted and ejected by volcanos are formed of . 


earthy and faline matters, coloured by iron, or other metallic 
q matters. ‘They are true chemical combinations performed by 


nature in the dry way. 


Species. —1. Cellular greenifh glafs. 


2. Blackifh glafs; cellular, or in agglutinated fibres. 
3. Beautiful black tranfparent glafs, Iceland agate, la- 
pis obfidianus of the ancients, 


SECTION III. / 
mre Mixed Earths and Stones. 


It is very eafy to obferve the leading charater of the ftones of 
this {etion, as mere infpe€tion is fafficient to fhow the different 


q _ matters which compofe them, efpecially if they be properly com- _ 


pared with the varieties of the preceding feCtions. We have al- 


4 ready remarked, that mechanical feparation of their feveral parts _ 
is firft required before the chemical analyfis can be. undertaken. 


By:this we find fimple united with compound ftones. If thefe 
mixed {tones be expofed entire to the aétion of fire, they melt 
with more or lefs facility into glaffes of different colours and ap- 
pearance, according to the nature of the parts which compofed 


© the mixture. 


‘They appear to have been formed by the junction of the dif 
ferent fubftances we fee; and this junétion muft have been made 
sither by means of water or fire. This laft confideration engaged 
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M. Bucquet to divide this fe€tion into two orders like the fore- 
_ going. The firft order comprehends the mixed ftones formed 
by water ; and the fecond, fuch as have been compofed by fire. 
This divifion being founded on a much greater number of facts 
than the preceding, induces us to admit it with much more con- 
fidence. 


ORDER I. Eartus AnD STONES OF A MIXED! NATURE, 
FORMED BY WATER. wore \ 


Genus I. . Petro-filex. 


. By this name naturalifts denote a ftone of an intermediate 
KAranels between the fofter ftones and thofe of the filiceous or- 
der. M, Daubenton has placed it among. the vitreous ftones, 
becaufe it gives fparks with the fteel, and its fracture is vitreous, © 
though rather fcaly. Petro-filex has a femi-tranfparency _ refem- 
Bling wax. It is dull, and not at all fhining, but rather of the 
bees or defective kind of pelifh which tallow ufually has. _ Its 
grain is fine, and very clofe. | It is found in very large mafles, 
and often in beds or ftrata of different fhades, lying above each 
other. M. Bucquet gives us its chemical charadter; that of 
melting by fire into an opake glafs. Its mixture is very far from 
being as evident to infpe€tion as that of the following genera. 
It feems to have the fame charaéters as the compound ftones *, 
and is, for that reafon, placed at the head of this third fe€tion. 
It ferves, as it were, as a connecting link between the two. 

The form of its beds, the matters it frequently contains, and 
efpecially the mafles of it, which are placed in the oar ‘e the 


earth, fhow that it is formed by means of water, =) = 
Spectes.—1. Grey petro-filex. : “ nia twitch 2 
2. Bagi Can hue ied rich gre 


* It is neceflary to obferve that chet Hardeatte rsunated on ene ‘aol iby ie 
on ftones, are eftablithed by’ experiments made by the Duc de la Rochefoucauld, 
and by M. Bucquet, in an excellent melting furnace conftructed for that. it purpofe 
in the laboratory which the diftinguifhed encourager of the fciences here 1 mention=- — 
ed has devoted to every kind of refearch that may tend to the advancement of 
chemiftry. I have examined moft of thofe refults, which will doubtlefs ‘be! com- 
municated to the learned world... This conimunication will confirm, the: valuable 
feries of experiments made by, M. d’Arcet, with the addition of many fa S. ving i 
to eftablifh the chemical charaéters propofed by M. ce to Mek ufe Y, ia he 
-clafiing of fenes. Note of the author. 
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3: Greenith. 
4- Brown. 
5. Black. 

6. Spotted, 
4. Veined. 


» 


Genus II. Pudding Stone. 


- Pudding ftone is a mixture of flints conneCted by a cement of 
a different nature. ‘This cement is either of the nature of free- 
ftone, or argillaceous, or ochreous. It is fometimes hard, and 
refembles filex. 

It is not at all doubtful but its formation is effected by water. 
_ It is always found on the fea coafts, or in places which have 
been covered by water, and afterwards deferted by that element, 


Species. —1. Sandy pudding ftone. 
2- Ochreous. 

3. Argillaceous, 

4» Siliceous. 


5. Agatified ; fufceptible of the fineft polifh. 


Genus III. Granite. ; 


Granite is formed of three ftony matters in fragments of great 
er or lefs maguitude united together. 'Thefe three fubftances are 
quartz, feld-{par, and mica. 

It gives fire with fteel, on account of the quartz and feld-{par 
it contains; its fracture is irregular, and very coarfe grained ; it 
is fufible, but in different degrees, according to the refpeCtive 
quantities of the matters which compofe it; it takes a polifh 

more or lefs bright, according to the finenefs of its grain, and 
the hardnefs of the principles which enter into its compofition. 
Some fpecimens change by expofure to the air. ‘This laft phe- 

»nomenon has ferved to diftinguifh the ancient from the modern 
‘granites. ‘he fpecies of granite have been greatly multiplied *. 
They may, however, be reduced to the following : 


_* Modern philofophers have paid great attention to the natural hiftory of gra- 
nite. M. de Sauffure has given much new and important information on this fub- 
es ject in his Voyage des Alpes. All granites are not formed by the mixture of the 
three ftones mentioned in the text, There are fome which contain {chorl inftead . 
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Species.—1. White granite. a SN 
Gays! . woul ew 
, Red. bh 7 

. Brown. 

Green. 

Black. 

: Dull and friable ; ; sti ry espotur to air. 


3 An bwin 


i Genus IV. Porphyry. 


Porphyry is a ftone covered with {pots in a ground of a are on 
other colour. It gives many {parks with the feel. ; 

It differs from piatte by its greater hardnele, and its being 
fufceptible of a much more lively polith. It appears to be fe 
ed of feld-fpar and {chorl united by a quartzofe cement. __ 

The cement or pafte, which forms the bafis of porphyry, i is of 

a very fine and clofe grain. he different fragments, which are 
bedded in this ground, are in general much fmaller than thofe of 
-granite. ‘This ftone is fufible, and affotds a coloured glafs. All 
‘the {pecies of porphyry may be reduced to the feven om ge 
Species—1. Red porphyry, with large {pots. 

om , with {mall {pots. 
3. Green porphyry, with large fpots. 
40 > with {mall {pots. : 
5. Black porphyry, auth large {pots. , 
6. » with {mall {pots. . 
4, Coarfe porphyry of a dirty red, almoft i did Spots, 
approaching to the nature of fand-ftone. 


GENus Vv. Ophites, or Strnentines 


Pliny gives the name of ophites to ftones {potted like hes te 
of ferpents. M. Bucquet confi idered them as {pecies of porphy- 
ry; but harder, more ancient, and of a mixture much more in- 


timately combined. The name of ferpentine, er hard ferpentine, 


ue been given to them. On comparing this ftone with porphy- 
ry, it is feen that ferpentine, as well as porphyry, is compofed of 
a quartzofe pafte, together with feld-fpar and fehorl, but that the 


of mica; others contain both {chorl and mica. The mixture of quartz indies 
’ £par only is called granitin ; and the ftone compofed of quartz and {chorl is called 
granitello. See De Sauffure’s Voyages dans les dlpes. Note of the authors 
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~ #eld-fpar in the former is in large: rhomboidal fragments, while 


it is very fmall in the porphyry. 

Serpentine gives fparks with fteel. Its fra€ture is fine, and 
rather fcaly. It melts in the fire.» 
_ The following are the principal fpecies of ferpentine we have 
feen. 


Species.—t. Ophites of a deep green colour, with large white 


{pots. 
2. Ophites of a deep green colour, with oblong pale 
green {pots. | | 
3- Ophites fimilar to the foregoing, but with very fmall, 
and fcarcely perceptible fpots. Many favage na» 
tions cut them into coins. ‘They have been called 
. thunder-ftones. 
4. Ophites of a brown colour, with irregular oblong 
{pots of a rofe coloured white. 


The origin of ophites is very obfcure. It is not well known 
whether they are the product of water, or of fire. As they have 
fome analogy with porphyry, we have placed them after that 
ftone. 


ORDER II. EARTHS AND STONES OF A MIXED NATURE 
FORMED BY FIRE. 
[Continuation of the Volcanic Produés.} 


There is no difpute concerning the origin of fubftances which 
compofe this order, fince they are never found but in the neigh- 


bourhood of volcanos, or in places where volcanos have former- 


ly exifted : befides which, they exhibit all the characters of pro- 


 duéts of fire. By joining the genera of this order with thofe de- 


fcribed among the compound ftones, a complete feries of volcanic 
produéts will be had. 

We fhall not coniprehend under the name of volcanic products 
all the ftones or earths found in the neighbourhood of volcanos, 
which are not at all altered by-fire ; as is the cafe with the great- 
er part of the ftones we have already defcribed, efpecially granite, 
clays, &c. as well as. many faline fubftances, together with cal~_ 


 cined, melted, fublimed, or vitrified matters. It would be an 


ufelefs repetition to take notice of their hiftory in this place. 


We thall elfewhere take notice of their exiftence in, the neigh- 
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bourhood of volcanos, and the a een in tig mi ~~ | 


fubterraneous fires. 


Genus I. Volcanic yes . + eedten 


The name of volcanic afhes has been improperly given to cer= 
tain pulverulent earthy matters found near volcanos. They ap- 
pear to owe their origin either to the fubftances mixed and. 
thrown out by volcanos, or to lavas altered by the contact of air 


and water. M. Bucquet confidered them as combinations of © 


clay andiron. They frequently Nis the magnet. We are ac 
quainted with two fpecies. 
veo gi a Rapillo; a pulverulent matter Be a blackith greys 
found near the craters of volcanos. ° 
Rapillo contains garnets and {chorls, chile form 
is diftinguifhable, though their angles have 
been: foftened and encrufted Sei ore! by 
fome matter in fufion. 


ih 2. Puzzolana. ‘This fubftance is ph a from it feat 


of Puzzoli, where it was very anciently made ufeé 
of. It is an argillaceous earth, charged with iron, 
and of different colours, according to the ftate of 
the metal. It is found of a grey, yellow, red; 
brown, or black colour. By fire it melts into a 
black enamel. The’ great utility of this fubftance 
confifts in its forming a kind of mortar, which has 
the property of becoming hard in water... M. Fau- 
jas de St. Fond has found it in Vivarais. He thinks 


» that thefe earths are formed by the alteration and — 


deftru€tion of the porous lavas, and even of the 
bafaltes. This philofopher, in his refearches cons 


cerning puzzolana, has given a detail of the pro= 


cefles for conftructing edifices both in the a air bed 
' under water with this fubftance. . jal 
Wess vi | 
y Grnvs II. Lavass as 
This name is given to the melted and femi-vitrified matter of 
volcanos. ‘They moft commonly flow down the fides of -mouns 
tains, whofe internal parts are on fire, and form tivers of burn- 


ing matter, which fometimes flow to prodigious diftances, to the. 


deftruction of ‘hie inne in their ra’ "Their heat and “maf 
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are fo confiderable, that they are feveral years in cooling. Du- 


| ' ring this period, they crack and feparate into mafles, which are 
_ fometimes regularly formed. Such appears to have been the 


origin of bafaltes. A great variety of thefe ftones are found in 
cabinets of natural hiftory. They are in general compofed of a 
pafte of a grey colour, more or lefs deep, with great varicties of 


_ texture and hardnefs, in which are bedded cryftals, ‘or irregular 


fragments of {chorl, garnet, glafs, zeolite, &c. conftituting a true 
mixture. It is impoflible to give any general chara€ter of lavas, as 
they all differ in their grain, confiftence, hardnefs, colour, mix- 
ture, &c. In general they are very fufible, and afford a kind of 
black enamel, fimilar to the glafs of volcanos. M. Cadet has 
found them to contain clay, iron, copper, and quartz. Bergman 
_ ‘thinks them to be compofed of filiceous, argillaceous, and calca- 
reous earths, with iron. Many, and more efpecially the compac& 
lavas, have the property of acting on the magnetic needle. 
Species—1. Soft lava of various colours, with cryftals of black 
fchorl. 
2. Soft lava of various colours, with cryftals of green 
{chorl. 
3. Soft lava of various colours, with cryftals of white 
fchorl. 
4. Reddifh lava, with blackith cryftals. 
. Yellowifh and faline lava. 
. Soft lava with cryftals of garnet. 
. Chatoyant and porous lava. 
. Porous, grey lava. 
9. Soft lava, blackifh, with white cryftals. 
ro. Grey lava, rather compact, interfperfed with opake, 
' dodecahedral cryftals, or garnets altered by fire. 
11. Ancient lava, very compact, of a blackifh grey, with 
fpots of a deeper colour. | 


Onr Ain 


. Genus III. Bafaltes. 


“The defcriptions given by naturalifts of bafaltes, are very far 
wages being exact. Many confound fchorls and garnets with the 
true bafaltes, and no writer has given a good definition of the 
word. Some regard this fubftance as a voléanic product ; others, 
ay have fuppofed them to be pone by water. We think it a 
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per, in conféquence of the valuable obfervations of Mefirs. Defi 
marets and Faujas de Saint Fond, to adopt the former opinion. , 
We may aflume the following as the diftinQive charaGters of 


bafaltes. A regular form ; a perfect opacity ; hardnefs fufficient 


to give fire with the fteel; cineteous grey colour inclining to 
black, and a manifeft. mixture of fchorl or fmall vitrified frags 
‘ments, ufually of a deeper colour than the seer The bafaltes 
are fufible. att 

Some ftones of this kind are of enormous _Mmagnitude, hed 


— exift in very confiderable mafies, whofe formation feems to have. 
been effe€ted in times of the remoteft antiquity. Such. are; 


1 The Giants Caufeway, in the county of Anttim, in Ireland: 
2. The Rock of Pereneire, near Saint-Sandoux, in Auvergne; 
well defcribed by M: Defmarets. ‘There are others regularly 
cryftallized in {mall prifms of three, four; of five fides, &c: 
Their figure, magnitude, and difpofition is exceedingly various. ’ 

In general, thefe {tones are ranged fymmetrically, one befide 


another. Their analyfis does not appear to have been yet made , 


_ with fufficient accuracy to authorife any decided account of their 


nature. They feerh to be nothing elfe but lavas, apparently cry- fe 
{tallized in confequence of the cracks formed in them in every» 


dire@tion during their cooling. The fingular varieties they of- 
. fer, and their arrangement, feem to give much force to this 


opinion. Water feems to have ingalnted itfelf into thefe clifts, 
and to have there depofited varlous earths, at the fame time ; 


‘that it has produced fome alteration on the correfpondent fur- 
faces of the bafaltes. This is apparently the caufe of the yellow 
or brown crufts which feem to,envelope them: 


Speciesm—t. Bafaltes in very long polygonal prifims, without re- 


gular pyramids. 


2. Bafaltes in fhort prifms, truncated with three, wr. ; 


five, or feven facets. 
3. Bafaltes in fhort polygonal a ferecittil by a 


lated bafaltes. 5 


4. Small quadrangular, triangular, &c. Bafaltes form- 
ed by the fractures of the larger, and grouper with 


them *. 4 


* For ‘he hiflory of thefe basis and ‘of all the. sida date of 5 oiled fee the ex= 
cellent work of M. Fanjas de Saint Fond, entitled Minéralogie des Polcans. Parisy 
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concavity above, and a spies below. Articu- 
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Genus IV. Scoriz of lavas: 


2 The melted matter which conftitutes. lavas, is a mixture of 
7 “many heterogeneous fubftances, differing in denfity and weight.- 

_ During its cooling thefe feparate in the order of their fpecific 
: gravities.. The fcoriz of lavas are bodies frequently of a fpongy 
_ tfature, which not having fuffered as complete a fufion as the 
_ lava itfelf, rife above it by their comparative ‘levity. In other 
refpects they feem to be of the fame nature, except that their 
_ - principles are lefs perfectly mixed together. Cryftals of {chorl 

> and granite are found in them as well as in the lavas them- 


- felves. 


_ Species.—1. Heavy volcanic feorie of a pea textures 
ah 2. Black and cellular volcanic fcoriz. 
it 3- Black and fpongy volcanic fcoriz. ” 
4: Black volcanic fcoriz, with twifted fibres. 

5. Yellow and ochraceous volcanic fcoriz. 

6. Reddifh volcanic fcoriz. 


| "The two laft have been manifeftly altered by the contac of 
air, water, and acid vapours. 

_- Such was the method in which the late M. Bucquet thought 
_ proper to clafs earths and ftones in 1777 and 1778. Mineralo- 
' gical chemiftry has been greatly improved fince that time. The 
- analyfis of ftones has been made in almoft every chemical Iabo- 
q ratory. Meflrs. Bayen, D’Arcet, Monnet, De Morveau, Sage, 
f Mongez, Pelletier, in France; Scheele and Bergman, -in Swe- 
den; Achard, Bindheim, and Hupfch, at Berlin; Woulfe, Wi- 
_ thering, and Kirwan, in England, have examined a great num- 
_ ber of ftones and earths; and in confequence of thefe nume- 
a _ fous analyfes, the claffification of thefe fubftances has fuffered 
_ ‘great changes ; and two of the above-mentioned -chemifts have 
_ thought proper to publifh fyftems of mineralogy, founded on 
_ the principles of bodies. But they haye purfued a very dif- 
} ferent courfe from that of M. Bucquet, whofe aim was to af- 
_ fociate the external charaCters with the chemical properties. 
 Mefirs. Bergman and Kirwan have paid fcarcely any regard to- 
_ the phyfical qualities,in the claflification of earths and ftones. 
_ The nature, quantity, and proportion of their conftituent parts 
uw have determined them in their methodical diftribution. Their 
; - fyftem, though very ufeful in the promotion of eheomicat knowledge, 
‘. hea I. U 
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cannot anfwer the purpofe of diftinguithing fonelby their uae 


and fenfible charaéters. It therefore appeared neceflary to, pre- 


fix to thofe fyftems a natural method, as we have here done, 


with the i intention, that each fhould illuftrate the other to the ad 


vantage of fuch as undertake the ftudy of minerals. Ot 


=a 


Ee The Chemical ‘Di iffribattion of Earths and Stones, eccrding te 


Bergman *, * 


After fhowing that the external bh ten fdr are not - fofielent t to 
diftinguifh minerals from each other, though they may be of 
great afliftance when judicioufly chofen, Bergman eftablithes his 
principal divifions of claffes and genera on the compofition and 


internal charaéters of the bodies. The principle, which is. aoe 


the moft abundant or the moft active, in any mineral, is«made ule 
of asa guide in its diftribution. He divides all minerals or fof- 


fils into four claffes, namely, falts, earths, bitumens, and metals. 


ys 


We fhall only take notice of the earths in this place. 
Bergman admits of five earths, imple and different from each 


others namely, ponderous earth, lime, , magnefia, clay, and fili- | 


ceous earth +. 
He firft examines each of thefe earths in a ftate of purity, | 
though they are never found fo in mature. He remarks, that 


thefe five earths combined together may afford twenty fpecies, 


viz. ten combinations of two; fix of three; three of four; and 
one of the whole five. But as he ranks among the earths fuch 
of their combinations with acids as are not foluble in one thous 
fand times their weight of boiling water, the number of fpecies 
is greateron thisaccount. Befides which, two earthy compounds 


confifting of like principles, may differ greatly in the proportion — 


of thefe principles, and therefore have very diftin€ and different 
properties belonging to their refpeQive combinations. , Such are 


* The author in a note obferves, that he has made ufe of the French edition of 
Bergman’s Sciagraphia Regni Me ncralis, tranflated by Mongez.. The Englith reader 
rhay recur to a tranflation of this excellent scnad work, publifhed in London by 
Dr. W. Withering. T. ¥ Jeane 

+ Among thefe five earths, three have evident faline properties; namely, the 


ponderous earth, lime, and magnefia; and for that reafon we Ahall give their. hi- ‘i ; 


ftory in the fecond part of our work. Bergman, whofe intention was to divide 
ftonés according to their principles, was neceflitated to rank them among the earths, 


becaufe they are often united with each other. Many fubftances which this illuf- 


trious chemift has Tork among the earths, are faltsin our 5 maathOe Note ef 
the Author, } 
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we grounds of. diftindtion of the fpecies admitted by Bergman, 
: and by his commentator M. PAbbé Mongez, who has made 

aeons to the labours of the Swedifh chemift. Here 

“penile the fpecies of each primitive earth according to this me- 
Ponderous Earth *. 


Species I. Pure iestidy earth; it does not “exift 3 in nature, 
ae and is obtained "by the decompofition of the ponderous 
a 4 {par, as we fhall fee hereafter; 
_ Species Il. - Aerated ponderous earth, or the combination of the 
ponderous earth with the aerial acid: It has not hi- 
j - therto been found in nature? Bergman thinks it. may 
ie be met with diflolved in water }. 
; - -Bpecies III. Vitriolated ponderous earth; ponderotts fpar; or 
. the combination of the vitriolic acid with ponderous 
earth: This fubftance is abundantly found in mines: 
The Bolonian ftone is a variety of this. 
D Bancics IV. Vitriolated ponderous earth, penetrated with petro- 
i i leum, mixed with felenite, alum and filiceous earth ; 
| hepatic {tone of Cronftedt. This fubftance is fpathofe 
and brilliant; yellow, brown, or black; its odour is 
5 very ftrong; and it does not effervefce with acids. A 
centenary of this natural compound contains, accord- 
os ing to the analyfis of Bergman, 33 parts of filiceous 
4 earth, 29 of pure ponderous earth, and 5 of clay, be- 
ik: fides lime, water, and vitriolic acid }; 
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a “Species f. Piire linie, of quicklime. Bergman did not know 
> of its exiftence in nature: 

a Species Il. Aerated lime. Chalk, or calcareous earth. The 
| combination of lime with the aerial acid. It is rarely 
_ pure. It often contains the marine falt of magnefia, 


a. 9 in this detail we follow the denominations given by Bergman: It will be 
_eafy to refer the ancient names, whether of the earthy bafes or the acids. united 
: to them, to the new and methodical denominations given to thofe bodies in the 
4 P of faline matters in the body of the work. Note of the author. 
ey The aerated ponderous earth was found in England fince the death of Berg~ 
ns than, 

. + Thele laft fubftances, claffed by Re among the carths, hedaman according 
% D.. _ tb our chemical divifion, to faline fubftances. 


~~ | Uy 


308 


MINERALOGY. 


; e e . * : . 
calcareous marine falt, clay, filiceous earth or iron. 


Within, or at the furface of the earth, it conftitutes 
lac lune, ftony icicles, calcareous {tones, marbles, cal- 
careous {pars, concretions, or ftalactites, &c. | 


iia Ill. Aerated'lime impregnated with bitumen or petro- 


leum ; fwine-ftone. | It is found in France: at “Villers- 


 Cotterets, at Plombieres, at Ingrande in Anjou, at 


Rattwyk in Dalecarlia, at Kineculle in Weftrogothland, 


at Krafnafelo in Ingermania, in Portugal, in Sweden, 


&ec. It emits a fetid fmell, when it is rubbed or heat- 
ed; fometimes the odour refembles that of the urine 
of cats; and for this reafon it has been called Japis fe- 
linus by fome authors. With acids it effervefces ; ; in the 
fire it decrepitates, and lofes its odour’and colour. 
When diftilled in large quantities, it- affords, .1. A fe- 
tid liquor, which reddens fyrup of violets, and effer- 
vefces with acids. 2. A black ftrong fmelling oil, re- 


fembling that of pit-coal. 3. Concrete volatile alkali. 


‘The! refidue contains a little marine falt. This fub- 
{tance owes its diftinguifhing pt operties to the bitumen 
it contains. 


ee IV. Fluorated lime. Fluor mineral, or vitreous fpar, 


combination of lime, with the fparry or fluor acid mix- 
ed with clay, filiceous earth, or a {mall quantity of 
marine acid. 


Species V. Lime faturated with a peculiar acid, probably me- 


tallic *. Heavy ftone, tungiten of the Swedes. This 
is the heavieft of all ftones. It is found in fmall yel- 
low or red grains, in the mines of Baftnas, near Rit- 
terhutte in Weftmanland ; and alfo of a {fpathofe, bril- 
liant, and whitifh appearance at Marienburgh, and at 


Altenburg in Saxony. It is often compounded with © 
the white tin ore. It refifts the fire, and only vitri. | 
fies at the furface. It is not foluble in boiling water. 


The vitriolic acid feizes the lime. The nitrous acid, 


being added to a folution of this ftone in volatile al- 
kali, prcmeres a white pero? which i is the peer: 


* Since found to be fo. See Scheele’s Effays, and De pe: on Wolfeem, otk 
x 


tranflated into Englifh, and publifhed in sal ay 
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BGS) Bat acid difcovered by Scheele*. The*tungften may 
+ be diftinguifhed from every other ftone by pouring the 
-. 9» nitrous or marine acid upon it in powder, which latt be- 
~~ comes of .a beautiful yellow on being flightly heated. 
tre). (See'the Fournal de Phyfique, 1783, Vol. XXIV.) - 
; ‘Species VI. Aerated lime contaminated + with a fmall quantity 
“of muriatic magnefia, or marine falt of magnefia. 
‘Species VII. Aerated lime contaminated with clay... Falfe marl. 
Sig VIII. Aerated lime, contaminated with filiceous earth. 
Some calcareous itones ufed by mafons, and- certain 
5 marbles, are obferved to give fire with the fteel, by 
: ee - ' reafon of the fragments of filex or quartz they contain. 
Species IX. Aerated lime, contaminated with argillaceous and 
filiceous earths. Perfeé marl. 
Pecics X. Aerated lime, contaminated with iron tat mag- 
nefia; falfe white iron ore; pulverulent and black, or 
: _ hard and red, or whitifh. The mines of Hallefors af- 
| ‘, _ ford thefe varieties. 


epiliccd Magnefa. 


“Species I. Pure magnefia ; ; always produced by art. 

‘Species Il. Aerated magnefia; found diffolved in waters im- 

pregnated. with aerial acid. 

Species II.’ “Aerated magnefia, mixed with filiceous earth. It 

Gg 'fcintillant and effervefcent. 

_ Species IV. Magnefia intimately combined with filiceous earth 

‘ ~~ and'clay; fteatites, Briancon chalk, foap ftone, lapis 
-ollaris, ferpentine, lapis néphriticus. 

‘Species V.  Magnefia united to a confiderable portion ‘of filice- 
ous earth with a fmaller quantity of calcareous and 
_argillaceous earths, and contaminated by calx of iron. 

gag ~ Afbeftos ; mountain cork; mountain leather ; amian- 


Bee eee I be Bergman found in a centenary of amianthur, 


| 64 parts of filiceous earth, 18.6 of magnefia, 6.9 of 


a af : * De Luyarts have fhown that this is a triple falt, confifting of wolfram-calx, 
volatile alkali, and nitrows acid. It is foluble in water, and has acid properties. 
“pa he pure calx, though not evidently foluble in water, refembles acids in its affi- 
nities with alkali and lime, and its infolubility i in acids. T. 

The word contaminated (inguinatus) is ufed by Bergman to denote a fimple mix- 


a i sla of tw or more earths, without a true combination. "We have therefore fub- 


fituted occafionally the word mixed in its place, Note of the Author. 
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‘lime, 6 of vitriolated ponderous earth, 3.3 of clay, and 
1.2 of calx of iron: and the fame quantity of afbeftos 
afforded 67 parts filex, 16.8 of magnefia, 6 of clay, 
6 of lime, and 4,2 of calx of iron. 
snes VI. Magnefia mixed with argillaceous and filiceous 
earths and pyrites; a fpecies of alum ore defcribed 
- and analyfed by M. Mtinites (Syffode shan Si ee 
9. pag. 161.) 
Species VII. Magnefia mixed with argillaccous mid filiceotss : 
earths, together with petroleum and "eu 3 magne- 
fian aluminous fchiftus. 


Clay. 


Species I. Pare clay; it is precipitated from bite ‘by the aerat- 
ed volatile alkah. | 

Species Il. Clay mixed with filiceous earth. Porcelain. clay, 
kaolin of the Chinefe. Solid clay of Saint-Iriez in Li- 
moufin,. of Japan, and of Saxony. Pulverulent clay of 
Weftmanland, of Boferup, and of China, Thefe earths: 
are often mixed with mica. The. clays ufed in the 
more ordinary kinds of pottery are coarfer, but of the 
fame nature. 

Species WI. Clay mixed with filiceous earth and iron. Bilsas 
or bolar earths, greys yellow, red, brown, or black. 
They are wafhed, in order to make the fealed earths. 
The commen clays of a green, blue, and red colour, 
are of this fpecies. ! 

Species IV. Clay mixed with filiceous aad pa era earth, 
Argillaceous marl ; tobacco-pipe clay ; agaric mineral 
or foflil. 

borate Va Clay, mixed with filiceous and maghelan earth. 
Lemnian earth; fuller’s earth; foap rock; fmeCtites, 
Bergman has obtained from the Lemnian earth, the 
Hampfhire clay, and the fuller’s earth of England, a. 
large portion of filiceous earth, about 1-5th of clay and 
aerated lime, and 1-20th of aerated magnefia and calx 
of iron. Heé gives the genet name of diners ta 
thefe earths. 

Species VI. Clay contaminated with fulphur and vegetable Bk 


4 
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‘kali. Alum ore of Tolfa and Solfatara. Bergman 
confiders it as a volcanic produ. 


‘Species Vii. Clay mixed with filiceous earth, pyrites, and pe- 


treleum. Aluminous fchiftus. It is found in Italy, in 
the province of Liege, in Sweden, and in Jemtland. 
The black crayons, fuch as thofe. from Bechel near 
Seez in Normandy, and the ampelites, are of this fpe- 
cies. The ttipolis are an aluminous fchiftus more or 


ae lefs burnt. Such are thofe of Poligné in Normandy, 


and of Menat in Auvergne. 


M. Mongez reckons in this fpecies the fchifti, which contain 


 élay in a large proportion, and more or lefs of filiceous earth and 


bitumen. ‘The greater number are mixed with calcareous earth, 
and effervefce with acids. The proportions of thefe principles 


vary greatly in the different fchifti. ‘There are fome of fo bitu- 
| minous a nature, that they burn with a flame; others are loaded 


with pyrites, and effervefce in the air; and others are very hard, 
and: give fire with the fteel. M. Mongez admits five varieties. 
1. The hard argillaceous fchiftus, or writing flate. 2. The foft 
argillaceous fchiftus, or roof flate., 3. The foft filiceous fchiftus, 


or polifhing ftone for metals. 4. The hard filiceous tehiftus, or 


ftone for fetting razors. 5. The hard calcareous fchiftus, which 
makes a bad lime; as that of Allevard in Dauphiny. 


Species VIII. Clay combined with lefs than half its weight of 
filiceous earth, a {mall portion of aerated lime and calx 
» of iron; cryftal gems. The happy refearches of Berg- 
man into the nature of gems, whofe exceilive hardnefs 
and immutability feem to defend them from the ope- 
rations neceflary to their chemical analyfis, have been 
confirmed by the labours of Margraaf, Gerhard, and 
Achard. Here follow the refults of Bergman’s analy- 
fis of five Cryftal gems, which are varieties of the {pe- 
cies we are now attending to: 


% Su 


Clay. Silex... “Lime. Tron 


 Qriental emerald. contains 60 24 S 6 
Oriental fapphire - “ 58 35 5 a 
_ Saxon topaz - - 46 39 ~~: 8 6 
_ Oriental hyacinth - - 4° 9 07929.» 13 
Oriental ruby - fitey, cheng ayn Tagg Os ete 

| U iiij 
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The methods which this celebrated chemift has put in ptac- 
tice, in order to obtain a knowledge of the component principles 
of thefe ftones, are very ingenious, and at the fame time ver 
fimple. (See Bergman's Effays, in Englith, London, 1784.) 
Species IX. Clay combined with filiceous earth, compofing 
more: than half of the total weight, with a very fmall 
quantity of aerated lime and iron, garnet; {chorl; 
tourmalin. The proportion of iron’ varies in thefe 
ftones. (See the Analyfis of the Tourmalin of. Tyrol, by 
M. Muller; Fournal..de Payha ique, Vol. XV. Ps 182, 
ann. 1780.) = 
Species X. Clay flightly united bath filiceous earth, eet er 

the half of the weight, and fometimes more, together 
with a {mall proportion of lime ; zeolite. M. Mongez 
contacts the azure itone, lapis lazuli, as a zeolite. M. _ 
Margraaf has found a {mall suey of gypfum reAae 
formed in the lapis lazuli. 

Species XI. Clay united to much filiceous earth, and a little 
magnefia; tale; mica. The proportion of the princi- 
ples which compofe this ftone have not been Si Se | 

| afcertained. | 


vi] 


Siliceous Earth. 


SpeciesI. Pure filiceous earth. It is | prepared by fufing clear 
‘quartz with four parts of fixed’ alkali, diffolving the 
whole in diftilled water, and precipitating the earth 
by an acid. This earth is to be well wafhed ‘and dried. 

Species Il. Siliceous earth united toa very fmall’ proportion of 
calcareous and argillaceous earth. Rock cryftal, with 

its varieties 5 quartz and “its ne age and 

Ch ae Oe retbes. 

Species HT. Siliceous earth united with argillaceous abies Chale 
‘cedony hydrophanes, | or oculus mundi; this contains 
more clay than filiceous earth, according to M. Ger- 
hard of Berlin. Opal; M. Mongez confiders, as va- 

 rieties of this ftone; the cat’s eye, the fith’s eye, and . 
the girafol: fo thefe three forts of ftones he adds the 
agate, and its varieties; the cacholong, the cornelian, 

~ the fardonyx, the gun-flint, the jade. Their fapatir has 

* ! i noaret b been made with mu ich exactnels.. ss aniorianalne 


\ 


Me 
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7 cies IV. Siliceous earth united toa very martial clay; jaf- 
is. / per. M. Mongez reckons the finople as a variety of 
| jafper. | 
"Species V.  Siliceous earth rendered heavy ve martial earth, 
Falfe jafper. M. Mongez calls ‘this ftone metallic 
quartz. He diftinguithes-it into the black-coloured by 
iron, and the red-coloured by copper. 

Species VI. Siliceous earth united to argillaceous earth, and a 

fmall portion of lime; petrofilex. .This ftone fome- 

times gives {parks with the fteel, and effervefces with 

| acids ; ; it melts in a ftrong fire. 

a Species VIL. Siliceous earth united to clay, and a {mall portion 

» of magnefia; feld-{fpar. It changes colour in the fire, 
and melts. It does not become decompofed by air; ; it 

gives {parks with the fteel, and breaks eafily. 

_ Species VII Siliceous earth united to magnefia, aerated and 

2 fluorated lime, with the calces of iron and of copper. 
Prafe, chryfoprafe. it is from the analyfis of M. A- 

chard, that Bergman defcribes the compofition of this 

_ fone, 


- 


& 


I. APPENDIX. 


_ Bergman, i in his firft appendix, treats of minerals united, or 


e. ‘mechanically mixed with each other, in fuch a manner, as that 


the parts may be diftinguifhed by the eye. We fhall here men- 
tion only the mixtures of earths. Such are the ftones called 
rocks, faxa. M. Mongez, who has added much to the labours 
of Bergman on ie fubject, diftinguifhes thefe {tones or rocks 
into two genera. 1. Such as have not their parts. united by 
means of any tee but adhering fimply by juxtapofition, be- 
ing formed by various fragments agglutinated together. He di- 
i . patos them into three {pecies; granite, gneis of Saxony, and 
rn-{tone. 2. The mixed ftones, whofe parts are encrufted in 
at common cement; as is the cafe in four kinds; namely, porphy- 
wR ophites or ferpenting, breccias and pudding-ftone. “We fhall, 
y in this place, aie the varieties of thefe {Lones. admitted by sat 
4 naturalift, at 

 -T, Granrre. It is formed of quartz, feld-fpar, mica, {chotl, 
and fteatites, mixed i in different proportions, two and two, three 
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and three, or four and four; the quartz always conftitutes the 
— bafe. 


Variety I. Granite of two fubftances ; granitie, 
A. Quartz and feld-{par. 
B. Quartz and {chorl. 
C. Quartz and mica. 
D. Quartz and fteatites. 


Variety II. Granite of three fubftances. 


A. Quartz, feld-{par, and mica. It is the moft common, 
the moft abundant, and the moft varied of ¢ any. 

B. Quartz, mica, and {chorl. 

C. Quartz, [chorl, and fteatites. | . - 


Variety III. Granite of four fubftances. 


A. Quartz, feld-fpar, fchorl, and mica. 
»B. Quartz, feld-{par, {chorl, and fteatites. 


II. Gwers. Gneis is a mixture of quartz in grains, and mica 
in greater or lefs abundance, with much clay, or fteatites, which 
conftitutes the bafe. This ftone is foliated like fchiftus. It is fub- 
jet to alteration and decompofition in the air, in confequence of 
the humidity which the clay abforbs. The Alps in rte 
contain many varieties of gneis. 

III. Horn-stowe. This ftone is compoled of very minute 
parts, among which brilliant fpecks of mica may be diftinguifh- 
ed. It has an earthy afpe€t ; and, when moiftened, has an ar- 
gillaceous {mell. In the fire it hardens like clays ; ; and melts 1 in- , 
to a blackith fcoria, or black glafs, if the heat be intenfe. Its co- 
lours are various.- M. Mongez confiders the trap of el Swedes 
as a variety of the horn-{tone. 

IV. Porruyry feems to confift of a hard and fine oa of aie 
nature of red jafper, which envelopes grains, either cryftalline or. 
irregularly fhaped, of quartz, of white or reddith feld-fpar, and ° 
fometimes green or black fchorl. 

V. Opnites. . The ophites, or hard ferpentine, is a fpecies oe 
porphyry, whofe cement is green, and the fpots of a greenifh — 
_ white. Thefe are ufually longifh in the ophites, while they are 
{quare or rhomboidal in the porphyry. The thunder-ftone is a 
variety of this fpecies. 


U 
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NT. Bruetras (from the Italian word denoting fragment), 


€ “Phis j is a mixed ftone, of an origin greatly pofterior to the pre- 
_ ceding. It is formed by the deftruction of the primitive moun- 
_ tains, and by irregular and worn pieces of filex, &c. united by 


one common cement. M. Mongez confounds the pudding- 
ftones with the breccias. He gives a compound tame to the lat- 
tet, which indicates the nature of their fragments, and the ce- 


‘nent which unites them. He diftinguithes eight varieties, The 
-caleareous breccia, which is the breccia properly fo called, ard 
‘the lumachello; the filicéo-filiceous breccia, or the pudding- 


ftone *; the breccia with a calcareous cement, aid fragments of 


the talcareinas and filiceous genus; the breccia with filiceous ce- 
_ ment, and fragments of the calcareous and filiceous genus; the 


Se See ee ae 
- . 


arcnario-filiceous breccia, fuch as the gtifon of Chartres; the 
breccia with cement and fragments of jafper; the breccia with 


-gement and fragments of porphyry 5 and the volcanic breccia. 


Il. APPENDIX. 
Volcanic Produ&ts. 


M. Mongez divides the volcanic products, after Bergman, into 


Huck as have been formed by fire, and fuch as owe their origin to 


water. The latter are nothing more than fuch earthy fubftances 
as Have been diffolved and fufpended in water, and afterwards 
depofited in the neighbourhood, and among the produéts of vol- 


-¢anos ; fuch are the calcareous and filiceous encruftations, as well 


as the zeolites frequently found in volcanic productions. 
M. Mongez divides the true volcanic products into three or- 


_ ders. 1. Earthy fub{tances very little changed by the fire; as 


calcareous matters, clays, garnets, hyacinths, fchorls, and mica. 
2, Earthy fubftances calcined and burned ; as the volcanic athes, 
or the rapillo and puzzolana, the tufa, the peperino of the Ita- 
lians, the pumice ftone, and the white earth which covers the 
folfatara, 3. Earthy fubftances melted, or lavas; of which he 
admits feveral fpecies ; fpongy, compdét, and ftalaCtitical lavas, 
and volcanic glafs. ‘To thefe divifions he adds the earthy volca- 
nic products of uncertain origin. In this order he particularly 
ranks the garnets, the volcanic fchorl, and efpecially the bafaltes, 


* According to this nomenclature, the firit word expreilcs the nature of its ce- 
tment, and the fecond that of its fragments. Note of the Author, 
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which he thinks are mafles of trap foftened. a the humid” va- 
. pours of volcanos, and afterwards Heavy dried Bilace the te 
have ceafed. 


komo 


§ 3. Clafffcatio of Earths and Stones ) Mr. Kirwan. os é 


Mr. Kirwan, a celebrated chemift of Dublin,’ pallies im 
. 17955 a fecond edition of his Elements of Mineralogy. | In this 
. edition, which is greatly enlarged and improved, Mr. Kirwan has 

adopted the method of the Wernerian {chool, and. has. given a 

clafification of minerals founded on the union oF their external 
- with their internal characters. | } 

The external chara€ters he enumerates are inde thape, 
luftre, tranfparency, texture, cohefion, denfity, adhefion to the 
tongue and fingers, and general feel, colour of a ftre niannete- 

tion or difufion in water, fmell, and tafte. Aut y 

Phe internal characters are, relation to acids, changes. ope- 
xated in low heats, fufibility, and other changes in higher de- 
grees of heat, phofphorefcence, magnetifm, eleétricity, and laft- 
iy, the refults of a juft analyfis. ‘The earths and ftones are rank- 

“ed in his fir part. After having given as the characters of 

thefe fubftances, infipidity, drynefs, brittlenefs, incombuftibility, 
and infolubility in Jefs than one thoufand times their weight of 

water, he admits nine genera of fimple earths ; ; the calcareous ; 
he bamytic 5 the cent ASS or muriatic ; the argillaceous 5 the 
filiceous ; the Scottifh, or Stronthian; the jargonic 5, the Syd- 
neian, and adamantine. Under thefe genera he places all th 
known earths and ftones. 


CALCAREOUS GENUS, 


i UNDER THIS HEAD IS COMPREHENDED ALL THOSE EARTHS ANB 
STONES, APPARENTLY HOMOGENEOUS, IN WHICH CALCAREOUS 
EARTH  acemaiedaie bgt Yes 


SPECIES I. Native Lime. 


SPECIES II, Carbonate deChaux, 


i Combined with fixed air, aerated or mild cale, 
iy i 4 ; ‘ wat i $ ¢ @ ‘ . 
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_ Crassl. Mild cae in a lofe or femi-indurated form. — 


4 Family I. Agaric mineral, bergmilch or bergmehl of the Ger- 
fs ; 


\ 


mans. ‘ ~ s 


Family II. Chalk. 
Family III. Arenaceous limeftone. Ganil. 
Family IV. Teftaceous tufa. 


Crass Il. Indurated. | vt 
Family I. Compact limeftone. 
Hamily If. Foliated and granular. 
Family LII.  Foliated and fparry. Spars. 
Family IV. Striated or fibrous. ‘Staladtite, alabafter, finter. 


Family V. Swine ftone. 


Family VIE, Oviform. Erlefenftein. 


‘SPECIES III.” Baryto-Calcite. 


Mild calcareous earth, mixed with a notable proportion of other earths, 
iron, or manganefe, Mixed with barytes or barofelenite. 


= SPECIES IV. Muricalcite. 


Mixed with magnefia. 


* Family I. In an earthy form. 


Family II. In a ftony form, and amorphous. 


Family III. Cryftallized. Compound fpar. Bitter {par of the 
Germans. 


~ 


SPECIES V. Argillo-calcites: 
Mixed with a notable proportion of argill or clay. 


Cuass I. Marls, or Calcareous Marls, readily difintegrable 
by expofure to the atmofphere. 


Family I. . In an earthy or femi-indurated form. Mergelerde of 
~ Werner. | 


a Gd 
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Family wn In a ftony or indurated fate. Verharteter mergel | 
_ of Werner. © byte 

Branches, = ot Argillaccous. 


2. Siliciferous marls. 


_ Cuass II. Marlites, ot readily dift: We, « by apdeees te 
the atmofphere. | 
Family [ In which, next after the calcareous ingredient, the 
argillaceous predominates. Argilliferous marlites: 


Kane II. In which, next to calx, filex predominates. Silicife- 
rous marlites. 


Of this there are many varieties ; feveral of : which 
_ give fire with fteel, at the fame time nae ania efs 
fervelce with acids. ! 


» Cuass II. Argillocalcites, Peat with bitumen, fuls 
phur, or pyrites. é ’ 


Family I, Bituminous marlite. Bituminofer mergel ichicfer of 
Werner. | 

Family II. Pyritaceous limeftone. é; i 

SPECIES VI. Argentine. 

Schiefer {path of Werner. 


SPECIES VII. Sidero Calcite. 
Braun fpath.of Werner, Spath perlé of Romé de Lites 


Combined with manganefe and iron. 


SPECIES VIII. Ferricalcites, 
Mined with a notable proportion of ion. 


by SPECIES IX. Dolomite. 
Superfaturated with fixed air, and frequently phofphorefcenti 
Family I, Common dolomite. Dolomie of Sauffures 


Family II. Elafttic marble. Pa 
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’ _ SPECIES X, Gypfum. Selenite. 
| Combined with the vitriolic acid. 
Family I. Farinaceous gypfum. 


| Family H. Compa gypfum. Dichter gypftein of Werner, 
Alabafter. 


Family III. Fibrous, or ftriated. | 
Family IV. Foliated. 


AG, 1. Granularly foliated. Blattriger gypftein of Werner, 
Varieties, ~ 2. Broad foliated. Specular a Fraueneis of Werner. 
Glacies Mariz. 


SPECIES XI. Fluor. 
Flus of Werner. 


Combined with the fparry gcid. 
2 Family I. Ina fandy or earthy form, 

Family II. Compact. 

Family II. Foliated, or {parry. Fluor {par. 


SPECIES XU. Phofpholite. 
Combined with the phofpheric acid. y 


Family I. Phofphorite. Apatite of Werner. 


SPECIES XUJ. Tungften. 
Combined with the tung flenic acid. 


1. Grey tungften. Scheelium of Werner, white zin-graupen 
Varieties of many. ; 
2. Brown tungften. Goflan of the Cornifh miners, 


.\ BARYTIC GENUS. 


SPECIES I. Barolite, or aerated barytes. 
| Witherite of Werner, 


3 
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SPECIES II. | Barofelenite. 
Barytes combined with the vitriolic acid. 
Family I. In an earthy loofe form. 


Family II. Compa: barofelenites Dichter fchwer fpath of 
‘Werner. a 


Family LI. Foliated. 

Family IV. Striated, or fibrous. 

Family V. Acicular. Stangen fpath of Werner: 
SPECIES III. Liverftones _ 
Lapis hepaticus, leberftein. 


MURIATIC GENUS. 


UNDER THIS HEAD MR. KIRWAN INCLUDES NOT ONLY THOSE 
EARTHS AND STONES IN WHICH MAGNESIA PREDOMINATES, 
BUT ALSO THOSE IN WHICH THE SILIGCEOUS EARTH PREDOMI- 
NATES, IF MAGNESIA BE, NEXT AFTER THIS, THE MOST Co- 
PIOUS INGREDIENT, AND THE COMPOUND POSSESSES THE CHA~ 
RACTERS OF THE MURIATIC, AND NOT THOSE OF THE SILI- 
CEOUS GENUS. — ‘ 7 


SPECIES ‘1. “SitGuiucites. © 
Magnehia mixed with fi lex. 


Family I. Keffekill, Myrfen. Meerfchaum of Werner. 
Family II. Martial muriatic fpar. 


SPECIES II. Calcimurite. 2 
_ Magnif a mixed with a notable proportion of calcareous earth and 
| Some i iron. ‘ 


“SPECIES IIT. Argillo-Murite. 
Mild magnefia mixed with clay and iran, 


4 


( 
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, SPECIES IV. Chlorite: 
Samt erde. Peach of the ila miners: 
mily I. Ina loofe form. 
vily I. Indurated and yfiabbieds 
‘ Fm Lg,  Blatys 


i > 


SPECIES V. Tale: 

ich I. Ina loofe or femi-indurated form, Talcite. 

i _ Family ZI; ‘Talc. Or common tale: Venetian tale. 
 Fanily I. Schiftofe talc. eae tale; 


' SPECIES VI. Steatites : 
q Family i Semicinduratéd, “ Craie™ de Briangon. Specitein of 
‘ Werner. * retort 


} | Boni If. Indurated fteatites. Lacdites of Wallerius: Schivicer= 
is © ftein' of Succow. 


Family Il, - Foliated, or ftriated: ‘Falcites of Wallerius. 


4 eae 

o SPECIES VII. Pot-Stone: 

a _ Lapis ollaris. Verharteter talc, or topfftein of Werner. 
— SPECIES VIII. Serpentine. 


SPECIES IX.  Afbeftos.' 
. Afbefte non mur of the French. 


SPECIES x Ligttiorn Afbeftos. 


~. 


lave XI. Amianthus. 


a me ‘: e _ SPECIES XI. aSube? ‘Montanumie | 
a > ay 4 -Corinm: ‘montanum. 


r VP ‘ale 4 1 4 % 
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SPECIES XIII. Amianthinite, 
-Afbeftartiger ftrahlf{tein of Werner, in part. 


SPECIES XIV; Atbeftinite, 
Gemeiner ftrahlfein of Werner. 


SPECIES XV. Abeftoid. 
Of this I diftinguifh two families. 
Family 1, Common afbeftoid. Gemeiner ftrahlftein of Werner. 


Family I, Metalliform afbeftoid. Atbeftartiger hatha of 
Werner, i in part. 


SPECIES XVI. Lamellar Aétynolite. 
Atbeftartiger ftrahlftein of Werner. 7 


SPECIES XVI. Schorlaceous Adtynolite. 
Gemeiner ftrahl{tein of Werner, in part. 


SPECIES XVII. Glafly Aétynolyte. 
Glaflartiger ftrachlftein of Werner. 


SPECIES XIX. Jade. | | 
Nephiit of Werner. Bitterftein of Hoepfner, and others. 


SPECIES XX. Boracite. 


Combined with the boraccic acid, and boracited calx. 
SPECIES XX. Baikalite. 


ARGILLACEOUS GENUS. 


Crass I. Argillaceous Earths. Thefe are for the inf part : 
diffufiblein water, and do not immediately fink in 


g . 
: * 


‘ng: m yi. 
* 4 4 
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| a Sands do; or if fo compa& as immediately to 
Sink, they foften, crumble, or moulder away in it, 
Jome fooner, fome later, either to a duétile vifcid 
pulp, or to a powder. : 

» < 


‘TRIBE I. Native Argill. 


Lac lun of fome. - Reinethon erde of Werner. 


TRIBE II. Porcelain Clay. Kaolin 


‘TRIBE III. Common Clays, 


In various flates of induration. 


. ‘ 
ar 
we 
7 
om 
w. 


| Fil I. Potters clay. . | ke 
Family #I, Indurated clay. Verharteter chon of Werner. 
Sees Schiftofe clay. 


Varieti¢n St Bituminous fhale. Brandfhiefer of Werner. 


1. Slate clay, Shale. Schiefer thon of Werner. 


Family IV. Fullers earth.. Walkererde of the Germans, Smedtis. 
‘TRIBE IV. 
The finer clays in various ftates of induration. 
. Fomily I, ithomarga. Steinmarck of the Germans. 
Thefe earths are principally diftinguifhed by their 
great finenefs, and fufibility into a frothy em 


yer The friable or crumbling kind. 
Warleties: se Indurated lithomarga. 


y Family I. Bole. 
q ae TRIBE IV. Argillacecus Marls. 


TRIBE V. | Colorific Earths, 
a 7 e - Gr thofe which ftrongly ftain the fingers. 


“Family I. Red. Reddle. Rubrica fabrilis. 


Family il, Yellow. Gelbe erde, 5 nr 
a a 
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Family Ut: Black. Black chalk, Schwartze Kreide, Zeichen 
Schiefer. Pierre noir EOF Briffon.. 


‘Faniily IV.- Green earth. : 


‘ . ‘ ° ‘ 4 
Umber. * | ? 


4 


TRIBE VI. Feel; and Rough Earths. 


Of thefe are two families ; tripoli, and puzzolana, or terras. 
Family I. Tripoli, ites 
Family HI> Puzzolana, or terras. gt hay ; 


OF this I fhall treat under the head of Volcanic 
Products. 


aces Clay. 
* 


Crass U. Stony faeiiances of the Ar He, i Genus not 
mouldering 1 in water. 
SPECIES I. - > 
Argill combined with vitriolic acid or fulphurs 


This forms ores of alum. 


SPECIES II. Phofphorite, , eis 
Argill combined with the phofphoric atid. Mai 


SPECIES UI. Lepidolite. 
 Lilalite of fome. 


SPECIES TV. Sappare. 
Cyanite of Werner. 


val SPECIES V- Mica, Mufcovy elon oe 


Glimmer of the Germans. oe 


| SPECIES VI. Micarelle, = 


'% 


- 
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; iB _ SPECIES VII.. Hornblende. 
_ Pre de corne of the French. Schorl en mafie, and fchorl 
hae ~ fpathique of Briffon. 


. : SPECIES VIII. oie . 
 Bafaltic hornblende, or Cryitailized horaslende, of Werner. 


_» Schorl {path of Ferber. Schorl prifmatique hexagone of 
Sauflure. 3 


a 
rf 


». SPECIES IX. Refplendent Hornblende, \ Ph, 


e 
Of this there are two varieties. 


t. Labradore hornblende. 


Varicties. ty Schiller {par. 


SPECIES XK. Schiftofe Hornblende. : 


" Hornblende flate; “Hornblende fchiefer of Werner. Roche 
f de corne feuilletées. 1 Sauff. § 166. p. 119. 


SPECIES XI, Wacken. 
SPECIES XII. Mullen Stone. 


SPECIES XIII. Kragg Stone. 


- 


SPECIES XIV. Trap. 
ymily I.° Amorphous, Common trap. Bafalt of Werner, 
: Foy HI. ’ Figurate i Bafalt. Bafalt of Werner. 


| SPECIES XV. Calp, 
_ Or black quarry ftone of Dublin 


> SPECIES XVI. Argillite, - LAS 
q 0 ene {chiftus or flate. Thon. * of Werner, 
i ij | 
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SPECIES XVII. Novaculite. 


| Turkey hone. Schiftus coticularis of Wallerius. Pierre rafoir. 


Wetzitein of Werner. , 


/ 


‘SILICEOUS GENUS. | a ee 


SPECIES I. Mountain Cryftal and alte 


Thefe form two families, the only difference being in van | 


_ fraéture and iach colbe Sth * 


Family I, Mountain or rock cryftal. 
Family II. Quartz. 


* 


SPECIES II. Amethyft. 
SPECIES Il]. -Emerald. 


SPECIES IV. Beryl. 


Aigue marine of many. AS: a 
SPECIES V. Prafium. 


: SPECIES VI. — ee) “a 
Family I. Oriental ruby. 


Family LI. Oriental topaz. 
Family {II. Oriental fapphire. 


SPECIES VII. Spinell and Balafs Rubies. 
SPECIES VIII. 7 
| Family I. Occidental or Brazilian ruby. 
Family II. Occidental topaz. 
. (1. Brazilian, 
Varieties. 4: Saxon. 
3. Topaz. 
‘ | 
Family HI, “— or Brazilian fapphire. 


a 


ote 
Fly 
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SPECIES IX. Hyacinth. 
& 


SPECIES X. Garnet. | 
’ 1, Oriental garnet. Carbuncle. re 
* Warieties. <2. Common garnet. 


3- Amorphous garnet, 


SPECIES XI.  Chryfoberyl. 


® SPECIES XU. Chryfolite. 
SPECIES XIII, Olivin. 
SPECIES XIV. Obfidian, 


SPECIES XV. Schorl. 


Schwartzer ftangen f{chorl of Werner. 


SPECIES XVI. Tourmaline. 


SPECIES XVII. Thumerftone. 
Schorl violet de Dauphine. Glafs {chorl of fome. 


* SPECIES XVIII. Prehnite. 


SPECIES XIX. /Kdelite, 


Or filiceous zeolite. 
t 4 


SPECIES XX. Zeolite. 


SPECIES XXI. Staurolite, 
Or crofs ftone of St. Andreafberg, in the Hartz. Kreutz cryftal 
of the Germans. Hyacinth blanche of 2 Romé, p. 299. 


SPECIES XXII. Lapis Lazuli. 
pu 


¢ ‘eth ™ ; ‘i . 
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SPECIES XXIII. Chryfoprafium: 
SPECIES XXIV. Vefuvian, 
Or white garnet of Vefuvius. Leucit. Werner, 


SPECIES XXV. Schorlite. 
Schorlartiger be eryl of Werner. Stangenftein of Lefke, 


, 
SPECIES XXXVI. -Rubellite, * way 
Red fchorl of Siberia. | ig ee 


, SPECIES XXVII. ; 
Of this there are four families; opal, femi-opal, pitchflone, 
or pechftein, and ligniform. 
Family £.. Opal edler, gelber opal of Weenie 
Family II. . Semi-opal. 
Fami!y Il. Pitchftone. 
family IV. Ligniform opal or pitchftone, 


Or Hyproruanes. 
Such.opake ftones as become tranfparent by placing them if 
water, are called Beaten : ee 
) SPECIES XXVIII. Hyalite, isa 
Muller’s glafs of the Germans. Lava glafs of many, | 


SPECIES XXIX. Calcedony, 
Famtly I. Calcedony, or common calcedony. ere oi 
Family II. Carnelian. 
‘ | SPECIES XXX. ° Cat’s Eye, 


SS SBECTES SOKIGR rit Ny au ae 


. ie of the Germans. — 
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SPYZAIES XXXII. | Hornftone. 
| Rumily I. Hornftein of the Germans, petrofilex, chert. | 
‘ Family Ii. Schittofe hornftone, Schiefriges hornftein. Voight 
* Abhand, p. 81.00 


1. Siliceous fchiftus, gemeiner kiefel fchiefer of Werner. 

Varietic 2. Bafanite. Lydian ftone of Werner. Black jafper of fome, 

3» Hornflate of Charpentier and Voight. Schiltofe porphy ry 
of Werner, 


a SPECIES XXXIIT, Jafper. 


Family I. Common jafper. a 
Family II. Egyptian pebble. 
Family III. Striped jafper. Band jafper of Werner. 


Family IV. , Sinople. 


SPECIES XXXIV. _ Porcellanite, 


Porcelain jafper of Werner. 


SPECIES XXXV._ Heliotropium. 


. 


we SPECIES XXXVI. Woodftone. 
| eR Holzftein of Werner. Lithoxylon of others. 


SPECIES XXXVII.  Elaftic Quartz. 


SPECIES XX XVIII. Feld-Spar. 


Family I. Common feld-fpar, or feld-fpar fimply fo called. Spath 
fufible of Defmaretz, pnt etinulant, fpathum pyro- 
machum, 


Family I. Moon ftone, adulario of Pini. 
Family Il]. -Continuous feld-fpar. Feld-fpar en mafle, 


SPECIES XXXIX. © Labradore Stone. 
Labradore feld-fpar of Werner. 
a we 
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SPECIES XL.  Petrilite, 
Or cubic feld-fpar of Karften. 


SPECIES XLI. Felfite, 
Or compact feld-fpar of Widenman. 


SPECIES XLII. Argentine Feld-Spar, 
- Or oculus pifcis. | 
os 


* SPECIES XLIU, 
Redftone of Rawenftein, 3 Mem. Laufan. p. 129, 


SPECIES XLIV.  Siliceous Spar. 
Saulen {path of Bindheim. 


f 


Or AGATES.. 


Agates, as Mr. Werner juftly remarks, do not form a diftiné 
{pecies of ftone, but confift of quartz, cryftal, hornftone, flint, 
calcedony, amethytft, jafper, carnelian, heliotropium, jade, aggre- 
gated in binary, ternary, or more numerous combinations, and 
fufceptible of a good polifh; even one of thefe, if it prefents two, 
or more colours, and affumes a good polith, is called an agate. 
Thefe mixtures prefent either dots, veins, zones, filaments, fi~ 
gures of various kinds, ramifications, or arborizations. | : 

Their colours are, the clear yellowifh, reddifh, milk, or. grey- 
ith, or bluifh white, or pearl grey, or honey, ochre, or orange 
yellow, flefh, blood, or brick red, or reddith sis aa violet blues 
or brownith green. 


GENUS VI. 
_ STRONTHIAN Eartu. 
SPECIES I. Stronthianite. — m 


Combined with fined air. Dae ama 


| GENUS VIL 
ay JaRcon. Zircon of the-Germans, “ae 
* a . 
GENUS VIII. ~~ 
SYDNEIA. 


__ OF this no fpecies has as yet been found ; nor has it been de- 
_ tected in any other ftone. , 


GENUS IX. 


ADAMANTINE EARTH. 


J SPECIES I. Adamantine Spar. 


» ‘This earth hath hitherto been difcovered only in adamantine 
_ fpar, though its exiftence may be fufpected in fome feld-fpars. © 


Or AGGREGATED STONES. 


Thefe confift of either grains (angular maffes) of ftones aly 
- gompaéted together, and forming either uniform or flaty maffes ; 
' or of ftones of one or more fpecies, inhering in another ftone, 
_ which may be confidered as their bafis or cement; or of rounded 
- ftones of different forts, adhering to, or inhering in, fome other ; 
or of maffes of different aggregates inhering or adhering to each 


Granite. 


This name denotes an aggregate of quartz, feld-fpar, and mica, 


Sienite. 


_ An aggregate of quartz, hornblende, and feld-fpar, or of 
quartz, feld-fpar, hornblende, and mica. 


Granatine. 
Befides the aggregates already mentioned, there are vatious 
~ other triple compounds, which may be denoted by the name of 
BS tines. 


=~ Se ae” 


ge uartz Quartz Quartz Gaats Quartz 
d-fpar | Feld-fpar | Feld-fpar | Mica Nis Mica 
Jade © Schorl Garn Schorl ny Garnet 
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uartz \ uartz partie, Quartz | Quartz Quarta " 
Saleh Se ‘chorl © -Fornblende | Hornblende Jade . 
Hort blende Jade Garnet Jade | Garnet Garnet 
Quartz : | 
\ rnblende ke 
Tornftone Pi 
Feld-fpar Feld-fpar | Feld-{par Feld-fparsi0) ape" 
Mica Mica Quartz Quartz Ons 
ca i } ene Hornblende Serpentine | Steatites. | 


a OF Binary ‘Acoargares OF THE GRANITIC KIND. 
' | Granitell. 
Binary, ageregates of quartz, feld- {par, mica, {chotl, horn- 
i blende; &e. 
abi 4 
The granitells hitherto notired by Sas Hcepfnery, and 
Haidinger, are, . : 

Quartz | Quartz | Quartz | Quartz Quartz | Quartz Quartz 
~Feld-{par |. Mica Schorl | Hornblende | Jade Garnet } Steatites, 
| Feld-fpar | Feld-{par feld-pae Feld-fpar | Feld-fpar 

Mica Schorl Hornblende | Jade Garnet 
Mica | Mica Mica | Mica 
: ‘ Schorl | Hornblende | Jade | Garnet " 
| Hornblende | Hornblende 
Jade Garnet 
nm Jade Indurated Steatites 
. Garnet | Schor!. 1 Sauffl. 104. 


Grunfien, ¥ 
Compoted of hornblende, feld-fpar, or mica. 
t | ' Py aaies 
Granites indeterminatus of Hoepfner. 


Under this denomination are seins all Rieg that 
contain more than three conftituent parts. . 


uartz | Quartz Quartz | Quartz Quartz ‘Quung 
Feld-fpar | Feld-fpar | Mica | Feéid-fpar | Barofelenite | Barofelenite 
Mica Mica _, | Schorl | Mica Mica Mica P 
Schorl Steatites | Garnet | Garnet Schorl Hornblendes 
” - Geis. 


- Roche feuilletée of Sauffure. 


This confifts of quartz, ‘rain fpar, and mica. Of a ‘Wick, faty, 
sontinuous, or fibrous texture, and not of a granular, as when they 
form granite. And hence a flaty granite is not on that account 
to be called a gneis, as it is ‘All gt andar, : ey td 


‘wo 
e5 
Mi, F 


i \ ) ; | nd P ' *, 


» 


‘ at | + * ie d ¢ 
‘ “ 
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‘ Se 

i : Schiflof @ Mica. 7 
© Glimmer fchiefer of Werner. - Roche feuilletée of a, 
Ky wh ae "Porphyry. . " ‘Pe 


Any ftone which, in a hy liceous or argillaceous ground or bafis, 
“co! atains fcattered fpecks, grains, or dots of feld-{par, vifible to 
4 | ; naked eye, is denominated a porphyry. 

ae We. i aa le a 
Dee: : : Or SrnurcEous PorPHYRIES. ea 

‘nf _ Silicon porphyries have either jalper, hornftone, pitchttond, 

\ , filiceous {chiftus, {chiftofe hornitone, or fel ipa itfelf 
heir aly 


| Faper Porphyry. pk inns ae t 
» The Saience of this has lately been called in etn 
; Hornftone Porphyry. 3 ¢ 
Pitth/tone Porphyry. 
Obfidian Porphyry. | #i 


Horn PoPbbyry. Porphyry fchiefer of Werner. 
| Petunfe Porphyry. ¢ 
| Porphyry t that has feld-{par for its bafis is called by this name. =, 


+S te , 
a4 t 
Gi or . 


Or ARGILLACEOUS PoxruyRizs.. 


__Thele may have indurated clay, hornblende, ips wacken, jaa 
a, Krag; or argillite, for their bafis. 
7 


Clay Porphyry. 
_ Hornblende Porphyry. Ophites of Briffon. 
» Lrap Porphyry. 


- Wacken Porphyry, we 
' Mullen Porphyry. 
4 Krage Porphyry. 
+ Arpillitic Porphyry. rs ee 
~ Novaculite Porphyry, : * iL ongigabes 
~ 


* & 


ame 


kragg. 


** pound of equal hardnefs. 


- 
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Muriatic Porphyries. wee a 
 Thefe have either potftone or ferpentine for their bats. 


og Po Ha Porphyry. a 
a nf . Seka titine Porphyry. Avi aleemiaa : 
pe iccag  Granitic Porphyry. ace RHLG 


'- Sandffone Porphyry. 
wmygdalid. Mandelftein of ‘Werner. : 
By this name Mr. Kirwan underitands any ftone, of the argil- | 


‘laceous clafs, which contains as in.a ground, or bafis, rounded or 


elliptic mafles of calcedony, agate, zeolite, calcareous {par, litho- ; 
marga, fteatites, green earth, often alfo garnets, hornblendes, and 
opal; with fome or other of the fe, though very rarely, Feldfpar 
has alfo been found. ; 

This bafis ‘is generally indurated clay, trap, wacken, ‘allen, | 


Pudding-ft 


A colle€tion of rounded. pebbles, of the filiceous genus, ce= 
inited by a fubftance of the fame genus, ora ferruginous coms 


os ¢ 


. a 
er ea 


Sandffones.' : ve ‘ 

Thefe confi ft of - " orains, not exceeding 1-3d uf a ‘anvels, of. | 
quartz, flint, hornftone, filiceous fchiftus, feld- {par, or fometimes _ 
mica imbedded in a calcareous, argillaceous, filiceous, or ferrugi- 


nous cement; the fettiginous 3 is, indeed, very frequently inter 4 
mixed alfo with the foontepctie : si dine wine SS P ai; 
oy .- Calcareous Sandftones. te A TT 4 
Argillaceous Sandfiones. ‘ 7 

po | Sihetons Sandffones. " oor a : q 
Ferruginous Sandffones. i F 


Rubble Stone. fereundcee of Werner. Gres Gris of a French 


e* 


‘| 


Thefe are either fimple or compound: Simple ated conti 
of angular’ fragments of ftones of the,fame genus, agglutinated — | 
or compacted together 5 5 Or ‘of ftones of one {pecies imbedded i eS i 


Breccias. 


. ‘i ae ‘ 
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% 
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a cement of the fame genus, whether the fpecies be different or 
apes : 
~ Compound breccias confift of fragments of ftones, or ageres 


gates of various fpecies, or genera, ftuck in a cement of a diffe- 


rent genus; thus trap, in which fragments of granite are ftuck, 
or a trap in which granite, argillaceous fchiftus, and limeftone 


fragments, are found, form breccias. 


Still many aggregates are daily met with, which cannot be ar- 
ranged under arty general denomination now in ufe. Mr. Kirwan_ 
propofes to call them, if any of their conftituent parts can be con- 
fidered as a bafis or cement, Porphyroids ; if none can be confi- 
dered as a bafis, Granitoids. 


J 


Mixep Eartus, AND DERIVATIVE STONES. 


Earths, refulting from the union of earths, or fands, Mr. Kirwan 
calls mixed. 


Stones, refulting from the coalition of {tones of different fpecies, 
are called derivatives; they differ from aggregates in this, that 
the affociated ingredients are not vifibly diftin€, or, at leaft, 
require microfcopes to render them fo. 


Derivative flones are limeffones, intimately mixed, not only with 
filiceous particles, and calces of iron, but alfo with argillite in 
various marbles. 


a 


Spars, contaminated with metallic fub{tances. 
Marls, difguifed by iron. 


Gyp/um, penetrated with marl, calcareous {par, fwineftone, and 
fanditone. 


Or THE MurRIATIC GENUS. 


Potflone, intermixed with quartz, mica, or fome other {tone of 
| the filiceoys genus. 


7 “ed 
' 7 4 / 
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Paid: oi 5 THE Ancrttaczous Genus. 


Zi rap, plended, or: intimately mixed with hornblende ate, wae 
ken, mullen, or kragg. fytocee 


‘Laleofe Argillite. - 
Calciferous Argillite. 


Hornblende Slate, penetrated with talc or mica. m 


*, 


Hlornblende, penetrated with garnets. 
Hornblende Slate, penetrated with an excefs of quartz. 
Mullen, penetrated with afbeftinite. 
Trap, pafling into granite. 
Ferruginous Argillite. | 
Argillite, with an excefs of argill. 


OF THE SILIcEous GENUS. | 
pon foot Quartz. ae ee 
Earthy Quartz. | 
Korthy Quartz, penetrated with years green actinolite. 
Earthy Hornftone. 
Ferruginous Hornftone. an 
aa Schiftus, penetrated with argillite, | - 
Siliceous Schiflus, penetrated with mullen. ? 
» Siliceous Schiftus, penetrated with BE here : . ey 
Pitchflone, penetrated with opal. 
Granite, penetrated with argillite. : ‘ 
In a Fir Appendix, Mr. Kirwan defcribes the 
, _, Diamond. 
oh a Sebikd Appendix, ae 
Stones and Earths that owe their Origin fo Fires ; 


Thefe are either volcanic or pfeudo-voleanice _ 9 LNs 


: 
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~ 


_ Vorcante Propucrions. 


oS) ae i. Of Lavas in abies’ “ mise» 

Me vee matter that has ifflued out of a volcano in a ‘a liquified ftate, 

or that has accompanied or been enveloped i in fuch liquified mats 
tery i is in general ftyled a /ava. 


2. Of Vitreous Lavas. 


Vitreous lavas are formed of fuch matters as have been expot- 
ed to the greateft heat, or which, from their compofition, werg 
moft fufceptible of vitrification in a moderate heat. 


ki 3. Of Enamels. 


Analagous to vitreous lavas, are the imperfect vitrifications 
galled examels. 


: 


4. Of Volcanic Scoria. 


Thefe are eee of iron and {tony matter that owe their 
‘fufion to fulphurated iron, which is known to be much more fu- 
fible than iron in any other {tate. 


5. Of Volcanic Slags. 
Thefe entirely aeahe the drofs of forges; they are general. 
ie red and heavy. 


Of Cellular Lava. 


Of Compaé? Lava. 


By compaét lava, volcanic writers denote an earthy fubftance, 
_ which, after having been fufed, but not vitrified, becomes, on 
‘cooling, compact, clofe, and folid. 


~ Or Votcanic Asnes, Sanp, Puzzotana, Trass, Tura, 
| AND PIPERINO. 
, nat, cee tae 1. Of Volcanic Afbes. 
2. Of Puz2olana. 
Rete bo hI Dorit ings Lrafs, or Terras. 
* Mr. Kirwan couples this with puzzolana, on account of thats 


; ty to each other, and not becaufe he looks‘upon it as con- 
Vol. I. x 


* 
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ftantly, and neceflarily, a volcanic production. On the contrary 


he believes it to be generally the product of pfeudo-volcanos, 
external fires. Jo a AURINNRCHEY 


4. Tufas. 


~'Thefe feem to be a puzzolana formed by nature into : a mor 
tar. 


' 


a 


4 


&. je 


_ This alfo fae a concretion of volcanic athes, phy is sid fo . 
be the fubftance that .covers Pompeia. ‘ 


6, Pumice. 


Gr Stony SUBSTANCES EJECTED, ‘UNALTERED, OR BUT 
SLIGHTLY INJURED. 


Not only chery and garnets have been ejected from. ‘aie 
unfufed, but even calcareous and fluor fat with their tran{pa- 
rency unimpaired. 


Granites, in different fates. 


Porphyries. ~ 


‘CHAPTER IV. 


CONCERNING THE CHEMICAL ANALYSIS OF ac al ai AND al ot ad 


ball 


Norwrrssranpme the great attention which for fome years 
paft has been paid to.the eosin of earths and. ftones, it muft be- 
confeffed that we are ftill very far from poffefling a fufficient 
number of well eftablifhed facts to ferve as the bafis of a metho-_ 
dical divifion of thofe fubftances. It is for this teafon that the © 
chemical methods hitherto offered to ‘the public are fo different 
from each other; and this circumftance rendered it neceflary . to. 
exhibit, in the prefent work, the fyftems-of three. celebrated che- : 
mitts, though the interval between the publication. of their re« 

{pechive works is by no means confiderable. | | 


¥ 


. ANALYSIS OF EARTHS AND STONES: 339 
‘The principal advantage derived from the labours of our co- 
temporaries in their inquiries into the nature of earths and ftones, 
‘eonfifts in the difcovery of methods for obtaining a knowledge of 
their principles. The methods of analyzing thefe fubftances is 
rather complicated ; for which reafon I fhall, in the prefent eet 
“ter, exhibit merely its outlines. 
- The adtion of fire, air, and water; might be eafily underftood 
by beginners, who have read only the firft part of this work, in 
which the properties of thefe fubftarices are explained ; but the 
faline matters fo advantageoufly employed to feparate and to dif- 
cover the different conftituent principles of earths and ftones be- 
ing wholly unknown to them, we fhould become unintelligible, 
and fhould deviate from the regularity neceffary in the ftudy of | 
the phyfical fciences, were we here to treat of the ufe of thefe. 
folvents in the analyfis of ftones. I fhall refer the detail of the 
‘accurate chemical methods of decompofing earthy fubftances by — 
means of acids and alkalis to another patt of this treatife, explain- ° 
ing here only the general principles *. | 
When it is propofed to examine into the chemical nature of - 
- ‘@ny earth or ftone, it is neceflary, firfl, carefully to obferve its * 
_ phyfical properties, fuch as its figure; hardnefs, colour, weight, . 
&c. The extraneous matters, which are always more or lefs 
’ abundant, mutt then be feparated, by picking, wafhing, or other- 
wife, in ordet that the fubftance may be had pute and unmixed. 
A ftone mtift be reduced into powder befote its analyfis can be 
proceeded upon: The action of fire is one of the firft tefts to 
which eartlis are Comnionly expofed: A few ounces of the fub- 
ftance under examiridtion being put into a crucible of well baked 
clay, or porcelain, is heated in a good furnace, fuch as that of 
Macquer, or {till better in the potter's or glaflmaker’s furnace. 
It muft be remarked, that the argillaceous earth, which confti- 


 . tutes the cafe or principal part of the crucibles employed in this 


operation, very often contributes greatly to the change produced 
by heat in the included fubftanice: There is not, however, any 


_ tnethod of obviating this inconvenience, which in fact is of no 


great confequence in the comparative analyfis of a confiderable 
“number of ftones. For fome years paft chemifts have availed. 
j mencinitclycs of the averteres in ee examination alos mineral fub~ 


# See the analyfis of waters at the end of the work. F. 
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tances by fire; and. it is certainly of advantage to employ this 
method as well as the other. ‘The mineral fubftances are expof- 
-ed to, the flame of a lamp or candle, urged by the blow-pipe, ei- 
-ther alone or mixed together, or with the addition. of certain falts 
hereafter to be defcribed *.., The apparatus defcribed in my Me- 
moires de Chimie, which is nlodltted: to throw a ftream of vital 
air on ignited charcoal,? and, whofe effects are fo confiderable, as 
to: equal thofe of the moft powerful burning: glafies, may be ad- 
-vantageouly ufed in this inquiry.. Thefe {mall experiments ex-- 
hibit a greater or lefs degree of fufion, or fome other changes of 
form, colour, nL win &c. which are to be very accurately 
defcribed. This trial by fire muft be repeated in earthen retorts, 
with receivers, and likewife the pneumato-chemical + apparatus, 
in order to oie the water and aeriform. fluids, which are dif 
engaged. . The laft mentioned produdts are not.afforded, but by 
{uch faline earthy fubftances' as are confidered by. naturalifts as 
{tones ; but as thefe are often mixed with true canths, it is pro- 
‘per to mention in this place the general.method of , examining 
them. The ation of fire on ftones fhows whether they are vi- 
trifiable, argillaceous, or mixed; but as mot ftones are of the 
jaft mentioned kind, and may contain feveral different fubftances, 
to the numbers of five or fix, and thofe in various proportions, it 
- becomes necefiary, in almoift every inftance, to.make.ufe of other 
methods to determine their compofition. 'Thefe proceffes confit 
in the application of a variety of acid and alkaline folyents, whofe 
fucceflive ation feparates the conftituent principles. . 

. The action of air, and of the vapour of water, .on earthy {abe 
ftances, may likewile ferve to enlarge our knowledge of their nas 
ture and principles. Some earths are not altered by thefe agents, . 
others are divided, and by degrees.changed in their form, ‘colour;, 
and confiftence ; Thefe p phenomena take place more efpecially i in 
very compounded ftones, and fuch as contain much iron. The . 
lixiviation or wafhing in hot or cold water ferves, befides, to fhow 
the prefence of aline matters, though very infoluble, often con- 
tained in them. | iS aS Vala ae 

mek | 
* See the E/ffay on the Blow-pise, by Bergman, annexed to Mongez’ Menueh de 
Mineralogijie, or Cullen’s Englifb Tranflation of Bergman. he eae i 
+ For a defcription of this apparatus, confult the article Gul! in the Di&ttonnaire 


de. Chimie, in the treatife on the different kinds of air, by Sigaud de Ja Fend, &e: 
Cis Ae ea * Bt 6 
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tle is by thefe different methods that modern chemifts have fuc- 
- cxeded in determining the nature and proportion of the principles 
_ which enter into a confiderable number of earths and ftones. I 
have hitherto mentioned only their moft general ufe; but in the 
| hihory of faline fubftances, all the details relative to this object 


will be given, which it would be obviouily i improper to introduce 
ms - here $. 


-* The beft account we have in the Englifh language of the chemical analyfis 
__ of earths and ftones, is te ‘be found in the fir volume of Mr, Kirwan’s A@ineras 
— ofgy, T. | 
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SECTION L 
SALINE SUBSTANCES. 


CHAPTER I. 


_ €GNCERNING SALINE SUBSTANCES IN GENERAL, THEIR CHSRAS> 


TERS, NATURE, AND THE METHOD OF CLASSING THEM, 


"Te number of faline fubftances is very confiderable; and they 
_ poffefs peculiar characters, by which they are diftinguifhed from 
the fubitances before treated of in this work. Thefe. characters 


_ are founded on certain properties, which, it muft be confeffed, 


are not accurately diftinctive of their true nature: By this means 
the clafs of falts has been extended too much, the general pro- 
perties being common to a great number of bodies.» 

Tafte and folubility in water, which have always been given 
as the characters of faline fubftances, are properties of many bo- 
dies which are not faline; as, for example, all mucilages, whe- 
ther of the vegetable or animal kingdoms: And on the contrary, 
thefe two properties are {carcely perceptible in feveral faline fub- 
{tances. Naturalifts have not fucceeded better in their definition 

-of falts. ‘The cryftalline form and tranfparency which feveral . 
authors have affumed as charateriltic of this elafs, belong like- 
wife to many other matters, more efpecially earths, and are be- 
fides wanting in fome of the falts. It was therefore with great - 
reafon that Macquer afferted, that the limit between faline mat- 
-ters and fuch as are not faline is unknown. 

However, as it is neceffary to come to fome decifion refpecting 
thefe properties, we fhall give a general account of them before 
we proceed. to the particular hiftory of each falt. 

We admait as faline fubftances all fach as poffefs feveral of the 
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four following properties. 1. A ftrong tendency to combination, | 
or a very ftrong affinity of compofition. 2. A greater or lefs de- 
gree of fapidity. 3. Argreateror lefs degree of folubility in wa-_ 
ter, 4. Perfe€t incombuftibility.. Before wé examine each of 

thefe Properties fingly, it muft be obferved, that the faline qua- 
| lity of any given body is greater, the more of thefe properties it 
poffeffes, and the greater their intenfity.. It muft not, however, 
be concluded, that fubftances are not of a faline nature becaufe 
thefe properties are {carcely evident in themy as it may often hap-— 
pen that two fpecies, which poffefs them in a very fmall degree, 
exhibit them {till lefs when they..come to be united; and there 
are likewife inftances of the contrary effe& taking place; but in 
thefe cafes, a more varied* ‘application of the chemical] analyfis, or 
fynthefis, may seEYO" to exhibit sea faline properties more evi- 


on foi ipl , , ) Qe ReKRSD 


§ I. "Concerning the tendency to kanes ay conf idered as a 1C ga, 
naderiof Saline Sabfancess\s! io con aed. 


The greater number of falts have a tendency to. ‘combine with 
many different fubftances. It is among the falts that. the mot 
active bolies, with refpet to combination, are found : “For this - 
reafor the chemifts have’ at all times made great ufe of them, 
and have dignified certain’ falts with the names of folvents and 
menftrua. This tendency to combination ‘differs greatly in the 
feveral’ fiecies of falts': Some ‘poffefs it in fo intenfe a degree, 
that they corrode,’ diffolve, or deftroy’ every thing they’ touch, 
and that even the vitrifiable and quartzofe ftones” cannot ‘with- 
ftand their action ; fuch are feveral of the pure falts ‘called acids 
and alkalis : Others, though they do not fo ftrongly tend to com- 
bination, neverthelefs unite with great readinefs to” feveral fub- 
flances : And, laftly, there are falts which do not pottets: this pro- 
perty in any fenfible: dégree, as is often obfervable in compound 
falts, whofe principles have a ftrong affinity with each other, and 
are mutually faturated, It is not to be wondered that falts are 
feldom found in nature in a ftate of purity, when we ‘attend to 
the effects of this (oe aS of combining with various fubftances. 


ad b hy 


§ 2. Of Tajte, confdered as a Charaéter of Saline Subflances. on 


Sapidity has hitherto been confidered as being fo far peculiar | 
to faline yee that is philofophers have concludéd thefe 
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- Bodies to poffefs it exclufively, and that they are the principle of 


fapidity in all other bodies ; ; though this opinion is not yet clear 


ly’proved, becaufe there are many bodies not at all faline, as, for 
_ example, the metals, which have a very fenfible tafte. But though 


inftances may be’ urged of certain faline matters which have 
fearcely any tate, yet it cannot be denied that the moft eminent. 
ly fapid bodies belong to this clafs; for which reafon we have 
affumed this property as one of the leading characters of falts. 
The fapidity of faline matters varies like their other properties im 
the different {pecies. In order to determine its origin, and more’ 
efpecially the caufe of the differences of its energy, it will be ne¢ 
ceflary to'fhow in what it confifts, By fapidity, we commonly 
underftand an impreflion made on the organs of tafte, by which’ 
we determine the good or bad qualities of any fub{tance with re- 
gard to falubrity ; it is therefore a peculiar action of the fapid 
body on the nerves of the tongue and palate of animals. But it 


may be afked, whether this property of bodies enables them to 
‘act fenfibly only on the nerves of the tongue, and whether it may. 


not be equally exerted on all thofe parts of an animal which con- 
tain nerves ? They who are acquainted with the animal economy 
cannot deny that the action, which excites the fenfation of tafte, 


- muft produce its effect on any nerves wherefoever fituated, and 


that it muft be proportioned to the pennant of the fubjeét, and 
the organs to which it is applied. 

“dn this’ way of confidering fapidity, we are naturally led to 
ipbvasincl, 1. That its impreffion will be fearcely fenfible on fuch 
parts of bodies as contain few nerves, or whofe nerves do not 
poflefs 2 confiderable degree of fenfibility, on account of their 


being covered ; as on the fkin, where they are defended by the 


reticular membrane and epidermis. It follows, therefore, that 
the'tafte of any falt muft be ae ftrong and aétive, before it can 
act fenfibly upon the fkin. 2. That the impreflion will be made 
with much more eflicacy on shiek organs, whole nerves are large, 
numerous, and of a form proper to admit an extended contact, 
or more violent agitation, and whofe epidermis is very thin, fo as 
to leave the nerves almoft uncovered. The fuperior part of the 
tongue, the palate, and the whole internal furface of the mouth, 


“are, capable of perceiving the tafte of a great number of bodies, 


which make no impreffion on the lefs fenfible organs of the fkin. 
g- ‘That bodies which have no tafte and po a€tion when applied, 


/ 
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to the hin, may neverthelefs produce a confiderable effect on 
parts more delicately organized, or, whofe nerves poffefs a greater 
degree of fenfibility, as is the cafe of the ftomach and inteftines. 

Thefe confiderations being admitted, we may diftinguifh three 
claffes of taftes, and of fapid bodies, to which all faline matters 


_ may be referred.. The firft clafs comprehends {alts of the ftrong= — 


eft tafte, capable of a€ting on the fkin. The imprefflion of this | 
tafte is fo ftrong, ‘as to caufe very acute pain; and if its aftion.- 
be continued for a certain time, the organization of the fkin is: , 
entirely deftroyed. This tafte is caufticity; and the falts which 
poffefs it are called cauftic. The fecond clafs comprehends thofe — 
whofe fapidity is of a mean degree of intenfity, and is’ not to be 
perceived but by the organs of tafte ; thefe are commonly diftin- 
guished by different names, as bitter, aftringent, acid, acrid; uri- 
nous, &¢c. In the third clafs, we fhall arrange faline fubftances, 
whofe tafte is fenfible only in the ftomach and inteftines: Thefe 
are not numerous. It is of importance to make fome obfervations 
on the relations of thefe feveral clafles of taftes. And, firft, It 
muft be obferved, that there are many degrees in each of thefe 
elafles by which bodies differ from each other m intenfity of 
tafte. Thus, among cauftic falts, fome act much more ftrongly 
than others; the former immediately deftroying the organization — 
of bodies, while the latter require a more confiderable fpace. of _ 
time to produce the fame effect. This obfervation applies like- 
wife to the bitter, aftringent, and urinous falts, as well as to thofe 
wwhich have no fenfible ation but on the nerves of the ftomach, 
{n the fecond place, In confidering the diverfities of thefe. taftes; 
we are naturally led to the conclufion, that the feveral taftes are 
deyrees of the fame property, from the moft cauttic falt, to . that 
whofe action is too feeble to be perceived, but on the highly fen~ 
fible organs of the ftomach; and this reflection feems to {how 
that all-taftes owe their erigin to one and the fame caufe. 

To determine the caufe of fapidity, it will be proper to confi~ — 
der its ftrongeft degree, that we may better diftinguifh the phe- 
nomena, and deduce its mode of action. The inquiry, therefore, _ 
selates to the caufe of caufticity; a property which has always 
been a fubjeét of conjeéture among chemifts, Lemery obferving 
that ’ very hot bodies are exceflively cauftic, and likewife that fuck 
falts as poffefs this property-have been fubjeéted to a ftrong de- 
grec of heat in their preparation, attributed the property of caus 
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ticity to the particles of fre, which he fuppofed to be depofited 
among the particles of bodies. Mr. Baumé efpoufed this opinion. 
| Meyer, an apothecary of Ofmaburgh, after making a feries of in- 
' guiries into the nature of cauftic falts, conftructed an ingenious 
fyftem, or hypothefis, to which many chemiits haye been much 
attached, though at prefent it is held in no efteem. ‘This philo- 
fopher attributed caufticity to a principle which he confidered as 
a compound of fire, and a peculiar acid; this he denominated 
cauflicum, ox acidum pingue, after the ancient chemifts. He pur- 
‘fued this principle through its tranfitions and combinations, as 
_ Stahl had done before with his phlogifton ; but his fyftem was 
~ defe€tive in the fame manner as that of Stahl, as he did not fuc- 
_ ceed better in proving the exiftence of his cax/licum, than Stahl 
did that of his phlogifton. Dr. Black, whofe refearches were di- 
' rected to the fame fubjects as thofe of Meyer, gave the finifhing 
' ftroke to his dodtrine, by clearly fhowing, that the cautticity of 
~ lime and alkalis, far from being owing to the addition of any 
Pr incigls, acidum pingue, as Meyer thought, arifes, on the con. 
trary, from the fubtraction of an elaftic fluid, which we thall 
hereafter defcribe under thé name of the carbonic acid. 
‘Macquer is, beyond controverfy, the chemift whofe inquiries 
__ into the caufe of caufticity have been attended with the greateft 
~fuecefs, The doétrine explained by him on this fubje, in his 
Chemical Diétionary, is fo clear, and eftablifhed on fuch conclus 
five faéts, that it is impoflible to forbear aflenting to his opinion. 
After obferving that cauftic bodies corrode and deftroy our or- 
gans, by combining with their conftituent principles, he remarks, 
_ that, in proportion as the combination proceeds, the cauftic body 
by degrees lofes its force; and that it ceafes to be fuch, as foon 
as it has diffolved as much of the animal matter as it is capable 
- of uniting with. Thus it is, that the pure fixed alkali, or lapis 
caufticus, corrodes the fkin on which it is applied, and after a 
certain time becomes faturated, and ceafes to act. This fale 
really aéts by a chemical force, fince it produces its effeét on the 
infenfible fhkin of dead bodies, as M. Poulletier has proved by ac- 
_ curate experiments; and, in general, on all animal fubftances, 
’ which it diffolves. Caufticity, therefore, depends on the tenden- 3 
ey to combination; and the effect of this force on our organs i¢ 
merely the refult of a combination of the cauftic matter with the 
Matter of which the organs are formed; in the fame manner ag 
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cauftic. bodies lofe their efficacy, when combined with any other 
fubftance with which they have a. tendency to unite; and, ina 


word, caufticity is always i in proportion to the tendency to com- } 


bination. Hence it is, that the moft taftélefs falt owes its want 


of caufticity. to. its being already faturated with. fome aches fub-— 
{tance 3 and its tafte will be rendered ftronger, in proportion to 


the. more or lefs complete feparation of that fubftance. All the 


phenomena of faline bodies are in Be siti of this abs: as he ; 


afterwards be thown. : ALO Ae 


| 


63 3. bap poas re Solubility, con vfidered a5, Lovteee of Saline 


Bodies. ee 


Solubility in water has been affumed:by all chemifts as one of © 


the leading properties of falts: Yet this property, like that of 
tafte, or the tendency to combination, is fubje& to great varie~ 
ties. «In fome falts it is fo powerful, that they cannot be depri- 
ved of the leaft portions of water they contain, but by elaborate 
procefles long continued. Others have only a mean degree of 
Solubility, which may be afcertained with confiderable accuracy, 


‘as is the cafe with the neutral falts. And, laftly, there are cer= 


tain faline matters, which are fo little foluble, that they even 
feem in this refpeé to belong to the clafs of earths, and have in 
fact been’ confidered as fuch by naturalitts. The, limits between 
thofe two clafles of mineral bodies are very difficult to be deter- 


mined, and ‘chemifts are not agreed on this head. Mr. Kirwan, 


in his Mazeralogy, appears to have adopted the opinion of ‘Berg- 


man, who thinks that all fubftances which require more than | 


| 


one thoufand parts of water for their folution, ought to be neat 4 


ed among earths; and that all which are more foluble, ougl 
be efteemed as falts. If this propofition ‘fhould be received a- 
mong chemifts, as I think it deferves to be, we fhall avoid the 


diverfity of opinions and of language, which has hitherto prevail- _ 


ed, to the difcouragement and hinderance of fuch as enter into 
the ftudy of this fcience. | wi 


There, is the fame correfpondence between the tafte and folu- 


bility of falts, as there is between this laft property and the ten- © 
dency to combination ; for the folubility in water is an Immedi+ — 


ate confequencé of the tendency to combination, and muft there- 
fore follow the fame laws. It is found, that the more tafte and 
eegaity any falt poflefles, the more faluble it is in water; and 


~ 


& 
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, this general fa& depends on their refpective nature and proper= 


P ha 4. Of Incombuftibility, confidered as a Character of Saline Bodies. 
it is more difficult to acquire a clear idea of this property of 
- Magalies: bodies, than the others we have been {peaking of. They 
have not yet been confidered by any chemift in this point of 
4 view; and many writers have afferted, that fome pe and a= 
_ mong them nitre, are truly combuttible. 
: . To fhow the fallacy of this opinion, and to prove that all mix 
_ _neral falts are perfeCtly incombuftible, would require a more in- 
_ timate knowledge of the properties of thefe fub{ftances,; than the 
reader can yet be fuppofed to poffefs. Yet as we are of Opinion, 
_ that this character of falts is one of the molt evident, and the 
-moft neceffary to be known, it will be proper in this place to ex- 
_ hibit a fhort account of the do&trine we hoid refpecting it, which 
.' will be explained and incontrovertibly eftablithed in the accounts 
4 we fhall hereafter give of the refpective faline fubftances. The 
' valuable experiments of Mr. ‘Lavoifier fhow, that feveral com- 
‘buftible bodies form, by their combuftion, acids of a particular 
nature, according to the {ub{tance burned. Combuftion, as we 
have already explained, is: nothing more than a combination of 
“i the bafe of vital air, or oxygen, with combuttible bodies. All 
_ bodies which have been completely burned, that is to fay, which 
_ have combined with oxygen in a fuflicient quantity to be faturat- 
ed, enter into the clafs of incombutlible bodies ; or, which is the 
i fame thing, their tendency to combine with oxygen being fatis- 
fied, they are no longer capable of uniting with or abforbing 
' more. Thefe principles being once proved, if on the one part it 
* be found that many falts are the refidues of various combuttible 
‘matters which ,have been burned; and if, on the other part, an 
4 i entire clafs of thefe falts be found to contain oxygen, and to ex- 
hibit the characters of fubftances which have paffed through the 
a procefs of combuttion ; it will eafily be. conceived, that they can- 
not continue to be combuftible.. Thefe affertions are founded on 
a 4 a great number of facts, 2s w rill hereafter be feen 3 they prove 
a that falts are compounded fubftances, moft of them being formed, _ 
by the union of certain combuttible bodies with oxygen. And it 
, wall be underftood with equal facility, that this character of in= 
~ gombuttibility may be confidered as the moft certain and invari- 
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able property of faline matters. 'The proof of thefe importitié — 
affertions will, we hope, appear complete with regard to the clafs 
of acid falts, in the details which will conftitute the ane " 
hiftory of thefe fubftances. : 
‘There exifts, neverthelefs, a clafs of falts which appear evi- — 
dently to be compounded, and do not contain oxygen. Such are 
the alkalis in general: But they are either compofed of matters - 
which are themfelves incombuftible; or, if they contain any coms 


buftible fubftance, as will be fhown in ammoniac or volatile al- 


kali, it is united to a fubftance evidently incombuftible, which 
abfolutely prevents this property from | being fenfible in the other, 
fubftance. 


§ 5. Concerning the Nature and Compofi tion of Saline Subfances. 


in generals 


Stahl, who paid great attention to the nature of faline bodies, 
was of opinion, that they are formed of water and earth. He 
colle€ted every fact which was known in his time, and applied 
them to the illuftration of his fublime theory. But that period 
of improvement has been fucceeded by another, in which, by the — 
multiplicity of experiments, and the magnitude of the difcoveriesy 
‘concerning the influence of air in chemical phenomena, the theos 
ry of falts as invented by Stahl, and explained with great perfpi- 
cuity by Macquer, is no longer found adequate to the explanas 
tion of the nature and compofition of thofe-bodies, We areno — 
longer contented with thofe diftant analogies by which the moft — 
difcordant facts are united, and which ferve only to deceive by 
theit illufive ‘light. It is better to acknowledge our ignorance, — 
than to advance extravagant theories, that muft fooner or later be . 
refuted by experiment. | 

- Though the chemical nature of felts is not yet sian uns 
| Ye taed. and the general facts will not permit fis to affert, that 

one fingle principle is the caufe and origin of all faline bodies, ag _ 
many eminent philofophers have thought; yet it muft be admits — 
ted, that we are better acquainted with their compofition than 
formerly. It is known that they, for the moft part, | contain a 
_very great quantity of oxygen; and that this fluid is fixed im — 
combination with combuftible matter, of a different nature in the — 
* different kinds of falts. ‘There are fuffiicient proofs, that many _ 


acids are thus a “ and at may be sii prefumed by 
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“analogy, that moft of this clafs of falts are compounded in the 
fame manner, Water, without being one of the immediate prin- 
, wiples of falts, is often united, and adheres to them by a very 
i trong attra€tion. As to the matter of fire, confidered as phio- 
gifton, which very great chemifts have admitted in falts, there is 
too much uncertainty at prefent refpe€ting the nature, and even 
. the exiftence, of this matter, to juitify the adoption of any de- 
‘cided opinion. It is not the fame with caloric, which appears to 
_ form one of the principles of falts, or rather to exift in a greater 
quantity in fome than in others; fuch is the general caufe of the 
_ fluidity, fufibility, and volatility of a great number of faline mat- 
ters. 

The prefence of earth in moft falts is not fhown by any direc 
experiment; it is only known, that all native falts are mixed 
with a greater or lefs quantity of various earthy fubftances. But 
thefe do not belong to them; they: do not, properly fpeaking, en- 
ter into their compofition, but are, as it were, acceffaries. We 
do not, therefore, at prefent know any other principles of faline 

_ fubftances, except feveral combuftible matters, oxygen, fome in- 
combuttible fubftances, and caloric. It is known, that moft acids 
are the refidues of burned bodies, and that they can contain dif- 
ferent proportions of combuftible matter and oxygen, fo that they 
exift in very different ftates, according to the quantity of thefe 
conftituent matters. Every thing more which hasbeen faid, in 
treatifes of chemiftry, upon the compofition of falts in general, 

_ amounts to nothing more than hypothefes, more or lefs ingenious, 
_ but at the fame time more or lefs remote from truth. 


$6. Concerning the Difivibution, or Methodical Divifion of Mineral 
Salts. 


Thofe halts, which belong to the mineral kingdom, are very 
_. mumerous; many ‘of them are the products of nature, and are 
formed by the action of fire, water, and air, and by the deftruc- 
tion of organized bodies; the greater number, however, are form- 
ed by art, or at leaft-have not yet been found among natural pro- 
duéts. ‘The methodical treatment of thefe fubftances requires 
that they fhould be divided into orders, genera, and fpecies, as 
has been already done with earths and ftones 5 ; we fhall clafs alk 

mineral faline matters into two orders. 
The firft contains fuch faline fubftances as are jeckened fim 
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ple ;.'we have called: them* primitive falts, becaufe they ferve te 
compofe the falts of the fecond order... The fecond order con- _ 
tains fecondary,*compound, or neutral falts, which are formed 
by the mutual combination of the fimple’ falts, anda are confe~ 
quently much lefs.fimple than them. 2°.) - ze » 
: Each of thefe orders is divided into feveral genera, and thefe 
again into fpecies.) .‘The mineral kingdom, as far as our prefent 
knowledge extends, confifts of nine: genera, and at leaft ninety 
fpecies of falts, either fimple or compound, differing from each 
other. —We fhall proceed to examine thefe in fucceffion *. 


¥* 


CHAPTER II. 


CONCERNING THE THREE SALINO~TERRESTRIAL SUBSTANCES. ¢ 


ORDER I. SimpLe or PRIMITIVE qa ke 


We diftinguith thofe falts by the name of fimple or primitive, , 
“which were formerly thought to be fo, and which fome chemifts 
even now continue to call fimple falts ; 5 but as accurate experi- 
ments have proved that they are for the moft part compounded, 
“we muft here take notice,’ that they cannot with propriety be 
called fimple, except when compared with the falts of the fecond 
order: The epithet primitive is more accurate, becaufe thefe — 
compofe, when united, the falts which we call fecondary. We 
.divide this order into three genera, comprehending faline terre- 
{trial fubftances, alkalis, and acidss The prefent chapter contains 
_an account of the former, and is followed in the pect chen 


ters by the hiftory of acids and alkalis. 
: 


Genus I. Salino-terreftrial Subftances. 


The three fubftances which compofe this genus have hitherto 
-been confidered as earths, whofe characters ee eign 


-thofe of falts +. 
et here are three falino-terreftrial fubftances, three alkalis, and ten mineral 4. 
cids; and that thefe, united to alumine, the three falino-terreftrial bafes, and the 
‘three alkalis, conftitute feventy neutral or compound falts, But three of thefe a- 
gids may be in two different flates, and form neutral falts equally different ; fo 
that about twenty other compound falts will be produced. | 
t We have already fpoken of them in the lithology ; but we didn not then con= 
“fider them but as forming part of the knowledge of natural hiftoty. 
4, 
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_ The obvious faline. properties they exhibit, together with the 
properties of earths, in a lefs evident degree than either the fili- 
ceous or argillaceous earths, has induced us to place them before 
the falts, that they may ferve as .a connedting link between the 
latter and earths, from which they likewife differ, in their much 
ftronger tendency to combination ; as will afterwards be feen, in 
the examination of their properties. 

It muft be obferved, that, in our examination of the falino- 
terreftrial matters, as well as that of the primitive falts, concern- 
ing which we are about to {peak, they are fuppofed to be perfectly 
pure, though they are never met with in that ftate without pres 
vious aftificial proceffes. Of thefe proceffes, however, we can- 
not yet fpeak confiftently with regularity; the hiftory of neutral 
falts will fhow the chemical methods of decompofing them, as 
well-as the fimple or primitive falts. 

This firft genus contains three fpecies. 


Species I. Barytes. 


Barytes was at firft named ponderous earth, by Meflrs. Gahn 
and Scheele, two Swedith chemifts, who difcovered its exiftence 
in heavy fpar, Bergman and Kirwan ufe the Latin. word bary- 


tess Its fpecific gravity exceeds 4000, according to Kirwan. 


This earth is never found in a {tate of purity, but always com- 
bined. It was difcovered, and confidered as a particular fub- 
ftance, by the chemilts already mentioned. Mefirs. Margraaf 
and Monnet imagined it to be of the nature of abforbent or cal- 
careous earth. ‘The latter, however, obferved, that it poffeffes 
certain peculiar properties ; and was inclined to confider it as a 
~ peeuljar earth. Its properties have not hitherto been,much exa- 
mined, at leaft in its feparate and pure ftate. Its combinations 
hhaye been more attended to; and it is particularly by the falts it 
forms with acids, and its ftriking affinity, that it is diftinguifhed 
from every other fubftance. nt 

Pure ponderous earth, obtained by the methods hereafter to be 


‘deferibed, is of a pulverulent form, extremely fine, and of a white 


colour. I have not obferved that it imprefies the fenfe of any 
‘gba tafte on the tongue. 

“Tt is not yet known whether the acétion of light alters its co- 
‘Tour. 

Ane 5. ‘ordinary fire of our furnaces is ; infufficient to. melt it; it 
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communicates a blue or greenifh colour to the crucible in whick 
it is heated, and is itfelf lightly tinged with the fame colour; a 
property that appears to depend on the mutual aétion exerted 
between this earth and clay. M. d’Arcet afferts, that a very 
violent heat melts it in a crucible either of clay or iron. ‘Expofed 
to the air, its weight increafes, aud it combines, though very 
flowly, with the carbonic acid of the atmofphere. The action. 
of oxygen and azote on this faliné earth is not known 5 perhaps - 
it may contain azote, as one of its conftituent parts. 

It is foluble in water, though very {paringly, goo parts of the - 
fluid being required to fufpend one part of barytes. Water, thus 
faturated, gives a feeble green colour to the tin€ture of violets *, 
and efpecially to that of mallows or radifhes. This folution, ex- 
pofed to the air, becomes covered with a thin péllicle, which, if 
taken away, is from time to time renewed; the carbonic acid 
contained in the atmofphere combining with the ponderous earth, 
and caufing this phenomenon, which is fimilar to what happens — 
with lime-water in like circumftances, though in an inferior de- 
gree. The fame folution, evaporated to drynefs, leaves the pon- 
derous earth, from whofe weight the folubility of this fubftance 
may be eftimated. The neceflity of ufing diftilled water in this, 
as well as in every chemical procefs where accuracy is required, 
is fufficiently obvious. . 

Barytes has but a weak action, either in the dry or humid way, 
on filex and on alumine; it may neverthelefs facilitate the fufion - 
of thefe earths, and it affumes a blue or ag colour when 
heated with the latter+. — . 

This falino-terreftrial fubftance is found lefs abundantly in na- 
ture than either of the others of that,defcription. It is pro- 


* Yin@ture of violets is a folution of the colouring matter of thefe flowers in 
water: The freth, or newly made tincture, is a much nicer teft than the fyrup of 
violets; but as the fyrup may be employed in many cafes to exhibit the prefence 
of faline matter, we fhall have Begg occafion to mention it inflead ‘of the tinc- 
ture. F, 5 

+ It is proper to ili in this place, that, for the fake of valle! i dena not diy 
of the combination of two bodies till each has been firft fingly defcribed. In con- 
‘formity with this rule, 1 have not in the hiftory of barytes taken notice of the 
changes it fuffers by combination with other bodies, except light, caloric, oxygen, 
azote, water, filex, and alumine ; becaufe thefe are the only fubftances yet treated 
of: Its other combinations will therefore be treated of ag we advance. This order 
poffeffes the double advantage of being very methodical, and of pointing out what 
is already known in chemiftry, as ihe as what remains to be baer to facilitate i its 
progrefs. F. | 
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bable that it may be more abundant than has been fufpeéted, 
_ It was formerly known only in the barytic fulfat or ponderous 
fpar; it has been found a confiderable time ago in England, 
combined with carbonic acid, and cryftallized like a tranf{parent 
fpar. We {hall defcribe this falt in future. Some modern che-. 
mifts fuppofe it to be a calx or metallic oxyd; from its weight, 
and that of the compounds into which it enters, and likewife from 
the precipitate it affords when Pruflian alkali is added to its acid 
folution, Bergman, a long time ago, drew the fame inference. It 
is aflerted that M. Gahn, a difciple of this celebrated chemift, 
has fucceeded in obtaining this fubftance in the form of a regu- 
lus ; but the fact requires confirmation. Its intimate nature is 
yet unknown, as no one has fucceeded either in feparating its 
principles, or imitating it by compofition. I fufpect, as I have 
before taken notice, that it may contain azote, or the bafe of azo- 
tic gas. : 
Barytes, in a ftate of purity, has not been applied to any ufe- 
ful purpofe; its folutions in water and in acids are employed as 
_ re-agents, as will be more fully fhown hereafter. 


Species II. Magnefia. 


Magnefia is ufually obtained from Epfom falt or fulphat of 
magnefia, and abounds in the mother water of nitre, and in a 
great number of ftones, &c. It is not found pure in nature, 
but almoft always in combination with an acid. Black is the 
firft chemift who made an accurate diftinction between this fub- 

_ fiance and lime. 
Magnefia obtained in a ftate of purity by the methods to be 
defcribed in future, is in the form of a very fine white powder, 
confiderably refembling flour in its appearance and feel; its fpe- 
cific gtavity is about 2,33, according to Kirwan; it has no fen- 
fible tafte on the tongue, but appears to a€t on the ftomach, for 
it is a flight purgative; it gives a faint greenifh colour to the 
 tinéture of violets and mallows, and converts turnfole to a blue. 
‘The aétion of light on magnefia has not been accurately no- 

ticed, but it’does-not appear to be confiderable. "When expofed 
toa violent heat it does not melt, according to the experiments 

of M. d’Arcet. Macquer has obferved likewife, that it remains 
unchanged in the focus of the burning lens of the garden De 
“VInfante. M. de Morveau obferved the fame refult, after 6x- 
b . Z ij 
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igh: magnefia for two hours to the..moft violent heat of Macs 
quer’s furnace. M. Butini, a citizen of Geneva, who has publith- 


eda fet of valuable inquiries into the nature of the magnefia of | 


Epfom falt, has obferved that this fubftance contra€ts in its di- - 


menfions by a {trong heat, fo that its particles beconie fufficiently 
‘hard to feratch iron. It is alfo affirmed that a fmall cube formed 
out of a patte. of ‘magnefia’ and water, expofed to the focus of 
- Parker’s lens, contraéted fuddenly in all its dimenfions : this pro- 
perty fhould feem to’ point out fome refemblance between. mag- 


nefia.and alumine, with which it is often found naturally com-. 


bined, .as has been obferved in the hiftory of fica tae a{bettos, 
EPR Srey | 
‘Magnefia heated i in a retort lofes nothing but phy water it 
pera bela but at the fame time it acquires a confiderable. de- 
gree of phofphorefeence, as M. ‘Pingry, apothecary at Geneva, 
has obferved. Expofed to the air, it remains long without al- 
teration. _M. Butini placed ro grains of caleined magnefia in a: 
porcelain faucer covered with a paper in a dry chamber, and af- 
ter near two years it had gained no more in weight than about 
the eight of a grain. It appears to combine very flowly with 
the earbonic acid of the atmofphere. It is very fparingly foluble 


in water, indeed fo.as to be almoft inappreciable; 4 ounces and 
a quarter of pure water being left in a bottle for three months,. 


together with one eighth of an ounce of calcined magnefia, firft 
boiled together with the fluid, afforded. M. Butini a refidue by 


evaporation, which he eftimated to be the one-fourth of a grain. | 


Mr. Kirwan aflerts, that it requires 7692 times: its weight of 
water to diffelve it in the ordinary temperature of the atmo- 


{phere ; that is to fay, about 60 degrees of Fahrenheit’s thermo- 


ameter. Notwithftanding this difficulty of folution, magnefia 


forms a kind of pafte mis water. This pafte is not ductile, but 
is eafily broken, and’ the water is foon, feparated. either by heat, 


or the contact of dry air; the folution of magnefia haa . no fen- 

fible tafle, and fcarcely alters the colour of fyrup of, violets. phi 
The aétion of magnefia. on the pure earths is not. yet well 

known ; ; it is decided, however, that it cannot be fufed. with €i- 


ther the filicecus or aluminous earths bic idies it may with 


both together): sati, sedi de Dt 


‘* 


The mutual action: rk wilt this and the Darytes has. sili been : 
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. The intimate nature. of magnefia is not more known than: 
Sueass barytical earth ; there is no experiment, which. can be 


py ered to prove that itis a modification of any other earthy or, 


- faline fubftance, as certain chemifts have imagined, No one has 
-yet fucceeded in feparating magnefia into its component parts 5 
- neither has it yet been formed by fynthefis :, in the prefent. flate of 
seamen it muft therefore be confidered as a fimple fubftance. 

» Pure magnefia, which Dr. Black calls cauftic, is employed in 
_ medicine, as an abforbent and purgative. It is to be preferred. 


to the ordinary magnefia in thofe cafes wherein acidities abound, 


_ becaufe the carbonic acid contained in the latter is difengaged by: 
the acids in the firft paflages, and produces flatulencies, with all. 
their numerous attendant confequences: it preferyes fleth. for a, 
~~ long time, and even reftores putrified bile. Mr. Bergman at- 
tributes to it the property of rendering camphor, cpium, refins,, 
and gum refins, foluble in water ; though pure magnefia, as-we, 
have obferved, is itfelf fearcely foluble in that fluid :, thefe P86 
‘Parations of Bergman are unknown in France. 


Species ILL, Quicklime. 


Quicklime is a white fubitance, whofe parts cohere more 


 ftrongly together than thofe of the two fubftances Jaft treated of ; 
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it is ufually in the form of a ftone of a dirty white ; its talte-is 
- burning, acrid, and urinous; and is fufliciently {trong to -caufe— 
inflammation when applied to the fkin; its fpecific gravity is, - 
about 2,3, and it is pulverulent and friable. It is found native. 
in the vicinity of volcanos, as M. Monnet obierved among, the, 
mountains of Auvergne. — 

- Lime converts the fyrup of violets to a much deeper green, 
‘tli. is produced either by barytes or magnefia; it even almott 
- deftroys this colour, and converts it into a dirty yéllow. 

“Lime expofed to a very violent heat, as for example, that of 
a glafs-houfe, fuffers no alteration. Parker’s burning glals, how-. 
‘ever, appears to’ have produced a flight commencement, of eek 
fion, though the lime was placed on-a fupport of charcoal: 

_ extremities are ‘fometimes melted when expofed to a ftrong ae 


zt ina crucible of clay; but this effe€t is produced by the mutual 


= 
U 


i 
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aétion of the two earths on each other. — \ 

» Lime expofed to the air fwells, breaks, and is sostiehani to. 

powder, its bulk being on asian increafed : it'is’ then’ called 
Z iij 
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jime flaked in the air. ‘This change takes place more ‘quickly, 
and more evidently, according as the air is more humid ; it is at- 
tended with heat, and the dilatation is fufficiently ftrong to burft 
cafks or other wooden veffels, in which lime is contained. If 
this fubftance be examined after being flaked, by expofure to air,, 
it is found to confift of a very fine white’ powder, remarkably 
increafed in weight, while the intenfity of its tafte is diminithed.. 
This change is principally owing to the water contained in the 
atmofphere, which has a ftrong tendency to unite with the lime» 
for if flaked lime be brought in a retort’ to a red heat, the: water 


is expelled, and the lime returns to its original ftate. The 


action of water on quicklime is very ftrong../ When a {mall 
quantity of this fluid is poured on lime, it is quickly abforbed, 
the lime appearing as-dry as before: after a fhort interval of 
time, it burfts into pieces, producing a degree of heat fufficient © 
to reduce the water into vapours, with a remarkablevhifling 
noife. Thefe vapours have a peculiar fmell, and. give a green 
tinge to paper {tained with mallows: the lime foon falls» into.a- 
white powder ; the heat, the agitation, and the vapours gradu- 
ally difappearing. If this extin€tion be made during the night, 
or in a dark place, many luminous points are obferved on the 


furface of the lime. All thefe phenomena are confequences of 


the adtivity with which this ‘falino-terreftrial fubftance nites 
with water; but in order that they may take place, it is res 
quired that no more water be ufed than the lime cam -vety 
quickly abforb, fo as to become immediately dry. It feems that 
the difengagement of heat from thefe two bodies during this 
rapid union changes their ftate, and that flaked lime in its pul-. 
verulent form, contains water in a dry and folid ftate. -This 
dry ftate of water, which takes place in many combinations, at- 
tended with heat, and which produces folid compounds, whofe. 
fpecific heat is lefs confiderable than before, has not been enough — 
attended ‘to by chemifts, or-to fpeak more properly, has been 
totally unobferved till lately. When lime, in this, experiment, 
has abforbed as much water as it can ‘combine! with and remain’ 
dry, it is called dry flaked lime; it then no longer produces heat. 
by the addition of water, but is diffolved without any fenfible 
motion. By mixing with this fubftance the quantity of water 
neceffary to dilute it, milk of lime is produced ; if the quantity ~ : 
of water be ftill re the lime is perfectly diffolved, and the, 
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Siquor becomes tranfparent. Mr. Kirwan affirms, that 680 parts 
of water are required to diflolve one of el at the tempera- 
ture of 60 degrees. 

_ This folution, which is known by the name of lime-water, i is 
| ier and limpid ; its fpecific gravity fearcely exceeds that of 
common water ; its tafte is acrid and urinous; and it readily 
converts fyrup of violets ‘to a green, and even deftroys the co- 
lour. By evaporation in clofed veffels, very pure water is ob- 
tained, the quicklime remaining behind; but a red heat is ne- 
ceflary to feparate the laft portions of water, which are retained 
with great force: after this treatment, the lime becomes heated 
by the addition of {mall quantities of water as before.” 

Lime-water expofed to the air becomes covered by a dry pel- 
licle, which gradually increafes in thicknefs and folidity : if this 
pellicle be taken away, a fecond is formed, and after that a 
third, and fo forth, till the whole of the water is evaporated. 
Thefe pellicles have been improperly called creas of lime; it 
_was formerly thought to be a peculiar falt formed by the union 
of the moft fubtle part of the calcareous earth united to water; 
and much has been written concerning this pretended falt of 
lime. But it is now admitted, fince the experiments of the ce- 
lebrated Black, that the faline properties of cream of lime are 
lefe intenfe than thofe of the lime itfelf; and that it is a pecu- 
liar neutral falt compofed of lime, and an acid extracted out of 
the atmofphere. Hence it is that the cream of lime cannot be 
formed without the contact of the air. We thall {peak of this 
falt under the name of carbonat of lime or chalk. ‘The actions 
of oxygen and azote upon lime are not known; it feems that 
this bafe abforbs and fixes a portion of azotic gas; or at leaft it 
is probable that it contains the bafe of that fubftance. 

Lime combines with filiceous earth in the humid, as well as 
in the dry way. When fand is mixed with lime newly flaked, 
or with quicklime fprinkled with a fmall quantity of water at 
the time of mixing, thefe two bodies become confiftent, and 
form what is called mortar. The ftate and quantity of the lime, 
ag it is more or lefs perfe€tly calcined; its previous flaking, with 
a greater or lefs quantity of water, or the flaking of it at the 
time of mixture; the nature of the fand with regard to its mag- 
nitude, its angular or round figure, as well as its degree of 
- moifture, produce very confiderable differences in the feveral 
| Z lily 
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‘kinds of mortars: Clay baked in bricks, of puzzolana, which is 
clay baked by volcanic fires, and altered by expofure’ to ‘ait are 
oy iseina added to lime in the making of mortar*, > 8" 

Though lime, as well as filiceous earth, be perfec i infufible 
alone; yet if they be heated together, the proportion of the: former 
‘being much the greateft, they melt, as has been obferved by Mefirs. 
D’Arcet and Gerhard. Lime likewife ferves as a flux to one 
third of its\weight of alumine: it appears to have a ftronger af. 
finity with this earth than with filex, as Kirwaninforms us. ‘The 
mixture of thefe three fubftances melts {till more eafily and com- 
pletely, than lime with either of them fingly ; fo that 6ne part of 
lime, and*one of alumine, will ferve to fufe two'parts, or even. 
two anda half of filiceous earth: this fat fhows the caufe why 
many hard ftones giving fire with fteel, and of a quartzofe na- 
ture, melt when expofed to a ftrong heat ; the combination, or 
fimple mixture of calcareous — and clay, is ari ie of oo 

witrefcibility. | : AISA 

The mutual ation of Line and barytes is not yet known. — 

One part of ‘calcareous earth enters into fufion with half a 
part of magnefia’: the glafs, formed by this mixtnte, afterwards 
- diffolves, and completely melts .a quantity of ' filiceous earth, 
equal to the lime it contains ; equal parts of filiceous earth, mag- 
_ nefia and lime, melt therefore by heat into a perfeét glafs. 

The intimate nature of lime is not known, ‘The early che- 
mifts, ‘defirous of ‘explaining, by phyfical reafoning, - “Phe pheno- 
mena’ exhibited by lime in its combinations, and ‘more efpecially. 
in its extinétion, referred its’ caufe to the particles of fire fixed 
in the calcareous ftone during its calcination. This was the theo-— 
ry of Lemery. M. Meyer did not admit that pure fire was 
capable of combining in this manner, and therefore afferted, ‘that 
it exifted in lime united with a peculiar acid: this fubtle kind of 
fulphur was the acidum pingue or the caufticum of this chemift ; 
but his doétrine, though occafionally brought forward under dif- 
ferent names, has been overthrown by a feries of experiments, 
which have completely fhown its falfity.’’ ‘Many 1odern chemifts 
believe, that the matter of heat exifts in a combined ftate in lime, 
and that the Tight perceived by Meyer’ ‘and? ‘Pelletier, | with 
the ebullition, sthic® evaporation of the* water}. and® the. ‘peculiar 


a” Confalt Les “Recherches ‘Ze M. de le Faye Jur la peas que os Regains, de dons ' 
ident a la dieing Paris an and. 1778, the firft and fecond parts. Bes sli, 
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fatty {mell during the extinétion of the lime, are confequences 
of its difengagement. Thefe obfervations fhow, that the prin- 
“ciples and compofition of lime are yet unknown, and that we 
‘cannot, with any certainty, decide whether it is the product of 
“an attenuation, or peculiar preparation of the filiceous or alu- 
minous earths; though that opinion appears probable to fome of 
‘the greateft naturalifts. It feems indeed to be out of doubt, that 
‘it is formed by marine animals; that its conftituent parts are u-_ 
“nited and combined in the water during the life of thefe organic 
beings ; and that azote is one of its conftituent parts. But it 
muft be confefled, that ‘this fketch is not yet fufficient for the 
_ conviction of modern philofophers, who do not form their opi- 
nions decidedly, unlefs in’ confequence of aft and accurate. 
experiments. 
Lime is employed in a great vicki of arts, and efpecially 
in building. In medicine, diluted lime-water is adminiftered — 
with fuccefs; in the cure of ulcers, &c. it has been efteemed as 
a powerful lithontriptic ; but repeated trials have fhown, that it 
is not always attended with the defired fuccefs, and that its ufe, 
long continued, produces an alteration i in the animal fluids of a 
feorbutic or feeptic nature. 


eo CHAPTER III. 
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Grnvs I. Alkaline Salts. 


W: Bice alkalis before acids, becaufe they appear to be more 
fimple, ‘lefs eafily decompofed, and refemble the falino-terreftrial 
fubftances in their properties. ‘They have an urinous, burning; 
and cauftic tafte; turn the fyrup of violets to a green*; give out 
heat on being united with water. They abforb the water contained 
in the atmofphere as well as its carbonic acid, diflolve earths, and 
have a ftrong tendency to combination». Three fpecies of alkalis 
are known ; potafh, or vegetable fixed alkali; foda, or mineral 
_ fixed alkali ; _ og gen or the volatile alkali. 


i: SCE 


Slade euidvacinn eat Batelh- 


“The fpecies of alkali which we denote by the name*of Gofal 
has been called vegetable fixed alkali, becaufe it is found in 
Jarge quantities in the vegetable kingdom, though it is: lkewife” 
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found in the mineral kingdom 3 it is ufually. called alkali of tar- — 
tar, becaufe it is obtained in great quantity from this fubftance, 
as fhall be afterwards fhown. Potafh, in a ftate of purity, was 
not known before the difcoveries of Dr. Black. Formerly, t to di- 
{tinguifh this falt from the common fixed alkali, it was called 
cauftic fixed alkali ?. tile 
This falt, when pure, is dry, folid, and of a shale solos 
its tafte is fo ftrong, that it deftroys the texture of the fkin, | and 
acts as a cautery. It inftantly converts’ the colour of fyrup of — 
violets to a much deeper green than lime water produces in that 
{ubftance, and this green is quickly deftroyed and ‘comverted toa 
brown yellow. | 
The adtion of light « on the vegetable afl 1S not Lnciiti 
Expofed to heat in clofed veffels, it foon becomes: foft, and 
melts at the commencement of ignition; if it be then poured 
out on a f{mooth ftone, or metallic plate, it concretes into an 
opake brittle mafs. It is not decompofable by heat, and becaufe 
it is not volatilized, except in a very ftrong heat, fuch as that 
ef a glafs-houfe, it is called fixed. It diffolves a peer of the 
earthen veffels in which it is heated.. | 
Expofed to the air, it ftrongly attraéts humidity, enon 
— liquid, and gradually affuming the ftate of a neutral falt, by 
combining with the acid of the atmofphere. This is the caufe 
of the augmentation of weight, and the property of effervefcing 
with acids, which it acquires by fuch expofure. To preferve it 
in a ftate of purity, it mutt be kept in well clofed Wetec ene 
tirely filled with it. fj 
Potath diffolves in water vite great facility, plone tt at 
the fame time a high degree of heat, and exhaling ‘a fetid lixi- 
vious odour : its folution is colourlefs, and affords no precipi- 
tate, when the falt is very pure. If it be defired to feparate — 
it from its folvent, the water muft be evaporated to drynefs, 
in clofed.veffels ; for if. the’ operation be made in open veflels, — 
it attracts the acid contained in the air, and becomes effervef- 
cent. This abforption is fo rapid, that it is fcecely poflible to — 
leave the folution of this falt expofed to the air, without its being 
partly neutralized : the fame alteration takes place if it be kept in’ 
a bottle, which it only fills in part, and which is often opened. 
The a€tion of oxygen and of azote upon this alkali is not known. 
‘In the dry way it combines with filiceous earth, and forms, by ; 
: 


POTASH. . 363 


_ fafion, the tranfparent body called glafs.. This body has dif- 
ferent properties, according to the relative quantities of fand 
and fixed alkali it contains. If two or three parts of falt be 
ufed to one of earth, a foft glafs is produced, which attracts. 
_ the humidity of the air, becomes opake, and at iaft Auid. This 
glafs is foluble in water, by virtue of the fuperabundant alkali 
it contains; and the folution is called Aguor of flints': in pro- 
cefs of time it depofits a pertion of the earth it contains, in white 
. femi-tran{fparent flakes, of a mucilaginous appearance, and fo 
light, that they fubfide very flowly. Acids feize the alkali, and, 
precipitate the earth, which is called earth of flints. In order 
that this precipitation may be well performed, the liquor of 
flints muft not be too much diluted ; for in this cafe the par- 
ticles of earth are in a ftate of fuch extreme divifion, that they 
remain fufpended in the liquid, which muft be evaporated be- 
_ fore any fenfible fubfidence can take place. Several. chemifts 
_ think that the earth of flints is not fimilar to filiceous: earthy 
and that it has been changed in confequence of its union with 
alkalis; they imagine that it refembles aluminous earth, and is: 
capable of uniting with acids, and forming aluminous falts: this: 
was the opinion of Pott and Baumé; but Scheele has fhown, 
that this foluble portion of the earth precipitated from the li- 
quor of flints, is obtained. from the veffel of alumine in which 
the filiceous earth and alkali are fufed. 

_ The art of making glafs is a procefs entirely chemical, fince 
this fubftance is merely 2 combination of fixed alkali with fili- 
- ceous earth: The purity of the two fubftances, their. propor- 

tion, and their complete fufion, by the application of heat fuf- 
ficiently {trong and. long continued, are conditions indifpenfably_ 
 neceffary for producing glafs, which fhall be hard, tranfparenty. 
without bubbles, and unalterable in the air. We fhall hereafter: 
have occafion to take notice of different fubftances added to the 
fandvand alkali, to increafe’their fufibility, and to produce glafs 
of a due degree of weight, tranfparency, and other properties 
adapted to the ufe it is intended for. . 
| Potafh does not at fo ftrongly on alumine as on filiceous 
earth; but the difference has not been accurately afcertained. 
This fait appears capable of combining with barytes, magnefia, 


and lime ; but thefe combinations have not been much inquired 
ie ‘i ee ’ 
into. 
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- Though'the potafh has not yet been decompofed, yet there are 
many facts, as fhall afterwards be explained, which tend to fhow 
that it is not a fimple fubftance. . Stahl, who'confidered the fim- 
ple falts as produéts of the union of water and earth, imagined’ 
that fixed alkali differs from acids only in its containing the lat- 
ter or earthy principle more abundantly. ‘From this: confidera- 
tion he explained its drynefs, &c. It is. probable that: potafh is a 
compound of one of the three preceding earths with azote. Some 
analogies lead me to believe that it contains lime; but we-.do not 
pofle(s a fufficient number of faéts to admit ne copa ite as a 


demonttrative’ trUthe siya the, Oe dal anata 
- Potath is employed i in furgery to corrode the agi and to’ ato 
duce aah aarang aeRT and SEER Aree in ‘certaintcafesiie: ti 


Aut ere ea er ee 
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sc aSpedies Ad, it Sods. att ane i re, ih talp 
The: name » of mineral fixed alkali is given to.a faline Fete 
which poffeffes: the fame general charaéters as the foregoing, “and: 
is found in great quantities united with a peculiar acid falt, in the: 
waters of the fea, and in many fprings. It is likewife obtained: 
from vegetables, though much lefs frequently than the preced-) 
ing. | ‘This falt has been called marine alkali, becaufe itis one of 
the component parts of marine or common falt; itis’ alfo’ called: 
falt of foda, becaufe it is moft’ frequently ‘obtained: from: that 
plant*. We call it fimply by the name of foda. The talte of 
foda is equally ftrong and cauftic with that:of = it) pro- — 
duces a fimilar change in the colour of ei of violet 5 wate | 
ifts under a dry and folid form %, r AT ae See 
It melts at the commencement of ignition 5a violent mi -Vo- 
latilizes it; it acts on almoft adi kind of welll in which’ it ie: | 
heated tne »lvinc, 0 “7 1h wasiatocts 
- Expofed to the. air of the in ties it: niedabal the! tt eater : 
pours, as well as the particular acid exifting there, and gradually: 
becomes neutralized. The ation of the oxygenous er 
vital air,-on this falt, is not known. vr voce, ibun hing 
A 
It diffolves in water, producing: heat, and emitting a fed tiahe 
vial odour. » Evaporation i in clofed veflels is the only method ‘of 
recovering it im a ftate of purity from its folutiony "Phis folutiom 
_ expofed to the air abforbs acid, and becomes quickly neutralized ; 


fo that to preferve it pure,» at mutt be™ preferved! in swell clofed 
veffels entirely full, _ 
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he ~ Soda combines réadily with filiceous earths in the dry way; 
and forms glafs.. Glafs-makers have obferved that this falt a: 
_ ‘duces a more fufible and folid glafs than the vegetable alkali; for 
which reafon they prefer it in the manufacture of that commo 
dity : So that what we have faid relative to this art under the nd 
ticle potafh, may be equally applied to foda.. Laftly, This alkali, 
like the potafh, combines with acids, and with a great number of 
i“ bodies hereafter to be treated of. : 2, 
«From thefe properties it may be obferved, that the difference 
4 between the two fixed alkalis, in a ftate of purity, is not very 
___ confiderable, and that their refpeétive properties can only be 
_ known with certainty from their combinations. When united 
_» with the fame acid, they produce neutral falts exceedingly diffe- 
rent in all their properties ; a circumftance which feems the more 
i Gngular, as it is abfolutely impoflible to point‘out any difference 
between them in their pure and cauftic ftate. Bergman adds, as 
Ba diftinguifhing property of thefe two falts, that their affinity with 
it _acids is not the fame, that of the potafh being the ftronger; fo 
~* that it is capable of decompofing falts, whofe bafe is foda. ‘This 
—_ dubject will again come under examination, when we fpeak of 
-  fecondary, or neutral falts. . 
_ >. The intimate nature or compofition of the foda is not more 
known than that of the potafh. The fame analogies lead me to 
believe, that this, like the foregoing, is a combination of an earth 
with azote ; and that its characteriftic properties depend on the 
f difference of its earthy bafe. Perhaps this may be magnefia, as 
Ihave for feveral years hinted in my lectures, and as M. Lorgna 
has fince attempted to prove; but the facts are not fufficiently 
numerous, nor even exact enough, to place this opinion in the 
: rank of demonftrated truths. 
It is ufed in the making of glafs, foap, and other compounds °. 


Fee eatery Species HI. Ammoniac. 


~~ We give the name of ammoniac to the falt known by the name 
- of the volatile alkali. It is diftinguifhed from the two foregoing 
, bah . ‘ Ae a = . a . P / r oye 

by its ftrong and fuffocating fmell, and its fingular volatility. 
Like the fixed alkalis, this falt was not known in its ftate of pu- 
: if . 4 . . . - . S . 
rity before the ingenious experiments of Black ‘and Prieftley ; 
‘ bias od ee bain a, eo - - oO + ; Ld y * ° 
"Phat which was confidered as fuch, is a fpecies of imperfect 
neutral falt, in a folid and cryftallized form, poffefling fome of 


"efcape ; and when the ebullition of the fluid is firong, 
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the’properties of volatile alkali, but really compofed “fi two faline 
fubftances*: The character or property of effervefcing with acids, 
which was formerly attributed to the volatile aikali, belongs only 
to this neutral falt, of which we fhall afterwards treat. _ : 

The liquid ‘known in chemical laboratories by the name of 
cauftic, or fluor volatile alkali, and in pharmacy by that of vola- 
tile fpirit of fal ammoniac, is not pure’ ammoniac ; it confifts of 
this alkali diffolved in water. Dr. Prieftley has fhown, that, by — 
the help of a gentle heat, this liquor may be made to give out a 
permanent gas; and that the water deprived of this gas lofes its 
alkaline properties. ‘This aeriform’ fluid is ammoniac, and i 18 
known by the name of ammoniacal gas. Macquer has well ob- 


ferved, that this body muft be examined, in order to arrive at a 


knowledge of the properties of the volatile alkali. 
To obtain this elaftic fluid, a certain quantity of the liquid 
ammoniac is put into a fmall retort, or matrafs of glafs. A re- 
curved tube is adapted to this veffel, and the extremity of the 
tubs is plunged beneath the mercury of a pneumato-chemical ap- 
paratus ; 2 veflel of glafs filled with the fame metallic fluid being 
inverted over its orifice. ‘The bottom of the retort or matrafs is - 
then heated, by means of burning charcoal, or the flame of fpirit 
of wine. The firft portion of elaftic fluid, confifting chiefly of ~ 
the common air contained in the veffel and tube, is fuffered to 
the gas is. 
to be colleed. The diftillation muft not be urged, fo as 1 
caufe the water to pafs in the form of vapour 3 or a {mall veffel 
fhould be affixed in the middle of the tube of - communication, 
which, being kept cool, may ferve to condenfe. the aqueous Va- 
pour, and caufes the ammoniacal gas to pafs in a veup pure and 
dry ftate. ; | | 
The gas obtained by this procefs refembles air in its tran{pa- 
rency and elafticity, as long as it is kept above the mercury. At 
is rather lighter than the air of the atmofphere ; its fmell is pe- 
netrating, and its tafte is acrid and cauttic ; it readily and em 


ly changes the blue colour of violets, mallows, and radifhes, toa 


green; but the alteration produced is lefs than when pure alkalis 
are ufed ; it deftroys animal life, and corrodes the ikin, if expol- 
ed for fome time to its action. ee. eee 

eye it is incapable of mamntanng combuftion, and extin- | 


id 


* Viz, carbonic acid and ammoniac, T. 
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guifhes bodies which are already on fire, yet it increafes the mag- 
nitude of the flame of a taper before extintion, producing a pale 
yellow colour round its edge, which proves that alkaline gas is 
partly inflammable. 

It is abforbed by porous bodies, fuch as charcoal, fponge, &c. 

Prieftley has difcovered, that the ele€tric {park pafling through 
ammoniacal gas increafes its volume to three times its former quan- 
tity, and changes it into hydrogen gas. The caufe of this change 
is not yet well known. It appears only that the alkali is decom- 
pofed in this experiment, and that its two component parts, as 
we fhall prefently obferve, are feparated, and put into the ftate 
of elaftic fluidity. 

Ammoniacal gas is one of the elaftic fluids which are the moft 
fufceptible of dilatation by heat. 

Atmofpheric air does not combine with alkaline gas, but only 
mixes with and dilutes it: The action of oxygenous gas on this 
gas has not yet been examined. 

Water quickly abforbs ammoniacal gas. If the water be frozen, 
it immediately becomes fluid, and produces cold; whereas, on 
the contrary, fluid water becomes heated by combination with 
this gas. Water faturated with gas, or liquid ammoniac, is known 
by the name of fluor and cauftic volatile alkali. We fhall here- 
after fee that the ftrongeft and moft pure volatile alkali is produ- 


’ ced by faturating diftilled water with this gas. 


Ammoniacal gas has no fenfible action on earths, or on the fa- 
lino-terreftrial fubftances. Its aétion on acids, and many neutral 
falts, is very confiderable, as will afterwards be feen. 

Liquid ammoniac has the fame properties as the gas it holds 


~ in folution, but not in fo eminent a degree, becaufe the gafeous 


being much lefs ftrong than the fluid aggregation, the tendency 


‘to combine will, according to one of our laws of affinity, be 


much more ftrong in the gas than in the ammoniac. 

This falt has been confidered as a combination of fixed alkali 
with a combuttible fubftance. This conjecture was founded on 
the confideration that ammoniac is produced in many circum- 
{tances by heating fixed alkali with inflammable matters ; but it 


was not known whether the fixed alkali entered as a principle 


into the compofition of the volatile alkali, or whether it did not 


afford a peculiar principle, which, by combining with a portior 


ef combuftible matter, produces that falt. Our knowledge re- | 
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, {peéting the nature of volatile alkali is at prefent fomewhat more 


extended. ‘The fine experiment of Dr. Prieftley, who changed 
alkaline gas into inflammable gas by the ele€tric fpark, has cauf- 
ed feveral chemifts to fufpect that the latter is one of the prin- 
ciples of ammoniac.  M. Berthollet, by a feries of experimental 
inquiries, has fucceeded in proving that this falt is a compofition 
of hydrogen and azote, retaining a certain quantity of caloric. 
He was led to this conclufion by the action of oxygenated mu-_ 
riatic acid on the liquid ammoniac, by the decompofition of am-~ 


| moniacal nitrat in clofed veffels, and by the reduction of metallic 


oxyds effected by means of ammoniac. Thefe facts will be ex- 
hibited more at length in the hiftory of the compound fubftances 
to which they relate. - We fhall confine our obfervation in this 


. place to the facts, that when combinations of the oxyd of copper 3 


and of gold are heated with ammoniac, water and azotic gas are 
obtained, and the metals are reduced. In thefe operations the 
ammoniac is decompofed, its hydrogen feizes the oxygen of the 
metallic oxyds. with which it forms water; the metals remain 


‘pure, and the azote, the other principle of the ammoniac com- ~ 


bining with the caloric, is difengaged under the form of azo- 
tic gas. From thefe experiments, of which we fhall, in the 
courfe of the prefent work, give a more ample account, M. Ber- 
thollet concludes, that ammoniac contains fix parts of azote, and 
one of hydrogen, with a certain quantity of caloric Ps... \ 
Ammoniac, diluted with water, is ufed in a ales ae of 
diforders 3 it is aperient, and powerfully incifive. Tt aets ftrong- 
ly on the fkin; it is prefcribed as a remedy for the bite of vipers, 
and for cutaneous and venereal diforders, &c.  . - '! Pa 
As this fubftance is acrid and cauftic, it ought not to be ufed, 
but with particular care. Externally applied, it is found exceed- 
ingly ferviceable in difcufling tumours, efpecially, fuch~as are 
formed -by coagulated milk, lymph, &c. It readily cures burns, 


and is often and fuccefsfully employed in the cure of chilblains, | 


&c.. It has been conftantly ufed under different names, as a ve- 


ry active ftimulant in fyncopes, apoplexies, &c. Its ufe, in the 


latter. cafe, ought to be in very moderate quantities 5 it is not 
prudent to adminifter it internally, without previous, dilution in 


_a confiderable quantity of water. Dangerous excoriations have 
been produced in the oefophagus, and the membranes of,the fto- 
_mach, by the volatile alkali being given without this precatition, - 


‘ 
a . 
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“a Atiss change the red colour of fernambuc into violet, and the yellow of . 
! _ turcuma into brown. 
a 3 To thefe properties of alkalis may be added the following : 
Nag have a itrong affinity for acids, 
\ They diffolve animal fubftances; and are, on that account, termed cauftic; 
They unite readily with water. 
i: They combine with oils and fats, and render them mifcible with water. 


~~ They diffolve fulphur, and are cryftallizable. 


+ 
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 *8 Tue ekiftehce of potafh in the mineral kingdom has of Ete been proved 
accurate experiments. Klaproth, in the analyfis of the fubftance which he 


4 terms leucit, found that it formed about t-5th of that fone. In the lepidolite he 
f obtained only 4-100ths. Vauquelin has fince fhown that potafh is contained in a 


’ large proportion in the white Vefuvian garnet, and in the lava which ferves as its 
“matrix. He found alfo a fmall proportion of this fubftance in zeolite from the 
' Ferro Iflands, Dr. Kennedy of Edinburgh has lately difeovered potafh in an ana- 
yi of the pumiice-ftone, Sce Beitriige, sweiter pam; Annal. de Chem. Tom. 
— «XXL p. 127: et 274. 

The vegetable alkali is procuted by tiiviating the afhes of burnt vegetables, 
and afterwards evaporating the lixivium to drynefs in veffels of caft iron. The 
pamenatity of this fubflance obtained from different vegetables varies exceedingly. 

, plants yield more alkali than fhrubs, and fhrubs more than the folid 


tend, denier trees; the folid trunks of trees lefs than their branches, and the 


B - branches again ftill lefs than their leaves. Plants at full maturity yield more al- 
kali than they do either before or after that petiod. ‘The greater number of the 

‘ Ve and firs afford only a fmall quantity of vegetable alkali. ‘The natural order 
bf cruciform plants alfo contain little, if any, of this falt. 

In an economical point of view, it might be highly ufeful to poffets tables of 


 oshmaraagen quantities of alkali which different vegetables afford by com~ 


 buftion; but the ftatements which are to be found in books differ fo widely from 
-bne another, that doubts unavoidably drife with regard to the accuracy of, the ex- 
Eigesimesti fromt which they have been deduced. ‘Ihe following tablesare the bett 
which have yet feen. The two firft, by Mr. Kirwan, have been extracted chiefs 
iy from the reports of the overfeers of the faltpette works in France. 


TABLE la=The Quantity. of Afhes and of Saline Matter obtained from the . 
~ Combutftion of 1000 lbs. of differeht Vegetables, perfeétly Dry, and Burned im | 
-| 


BS the Prac Fire. 

a ; Pounds of Afots. Pounds of Salt. 
| Stalks tl Turkey sacheat or maize, » 38,6 nee 1735 
eam of fun-flower, eo etn gn 5REe s - ae 
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Pounds of Afbes. Pounds of Salfi i 
- Vine branches, ce a 34 a eli Sal ase 
Box, . oats > BO Disoss alte - 2520,.. 
Holly, - - 28 * 2595 ve 
Elm, - - - 235 =, eT 
Oak, 4 * 4355 * 15 
Afpin, - Lb - Sam = - 0,74 
Beech, a ae . 5,8 Sa L329 ( 
Fir, oi ‘ 314 the Coq iiee: aeons 
Fern, in Auguft, NEL 36,46 A, 4,25 Homie. 
Wormwood, - . 97:44 - Ce vine 
Fumitory,  - - ~ R19 - 79 hia 
TABLE HU. Of the Saline Produé of 1000 Ibs. of the Afhes of the es apini 
‘Vegetables. e 
A foes from the '- Saline Products. 


| Stalks of Turkey wheat er maize, - 198 lbs. 
-- of turnfole or fun-flower, . - . 349 


Vine branches, _ - - 162,6 

Elin, 2 you. Sead - 166 A 

Box, wats, - “ 78 4 

Holly, —- - ” 102 ' 

Oak, - _, - Iir 

Afpin, © - ne 65 

Beech, . - : - 219 

Fir, . ~ ti dgoyi! 132 

Fern cut in Auguft, - - 116, or 125 according té 
| Wormwood, “ woe 748 [ Wildenheine. 

Fumitory, - - 360 at 

Heath, - - # 115 Wildenheim. 


The following: table is taken from a memoir by citizen Pertuis, inferted in the 
zgth volume of the Annales de Chemie, That, as well as the memoir which follows — 
it, contains much practical and ig information with regard to the fabrication, 
of potafh. 

A quintal er hundred weight of the faites saab afforded by com- 
buftion, 


Afecs. Saline Matter. 

i (4 Dei On Gr. (Ost yi OGRE ae 
Oak, - . 7 iy 5 SS Odi BTS 
Afpin, hana a de. Own T agin Sid 
Yoke elm, - Eis 7 ON85 O-2 04 | 
Beech, - RT att) °o 9 & 62 © 2 252 
' Nettle, ~ pi 10 10 6 oO 2 8 6 33 
"Ebel: avn rte - 4 ° § 36 o 8 4 61 
Fern, - - so 2.0 o10 0 g 
Corn thiftle (cherdon des grains), 1 70 “BO ):0 ELy Vgc g Pre? 
Broad-leaved flags, te, 4 4 140 012-636 | 
Warrow-leavéd ditto, . 215 4 0 OG Sees 
Tiong water rufh, ~ ° 313 5-24 or 4 ie 

4530 oes” 4 a 


‘Ruthes, me a 
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oA greater quantity of alkaline falt is faid to be obtained when the éombuftion’ 
is carried on flowly than when a brifk fire is employed, and mere when the vege- 
tables are burnt in a moderately clofe furnace than when they are made to under- 


_ &o this procefs i in the open air. Vegetables which have been long expofed to the 


action of air or to rain afford only a {mall quantity of alkali. They are faid to 
afford alfo more when they are ufed in the green than in the dry ftate. 
Wiegleb having burned in the open air a pound of {mall pieces of beech wood, 

_ ebtained 50 grains of afhes, afid to grains of falt. A pound of the farie wood was 
boiled 48 hours, dried and burned; 37 grains of afhes, and dnly 3 grains of falt, 
were obtained. But the circumftarices which itfluence the quantity of alkali 
obtained by the combuttion of vegetables feem to be as yet but very imperfectly 
afcertained. _ ' 
_ The product arifing from the lixiviation of the afhes is far from being a pure 
alkali, Befides an admixture of earthy and extractive matter, it contains a va- 
tiety of teutral falts. The gredter part of the éarthy matter may be eafily fepa~ 
tated by frequent foluition in water; the extractive matter is diflipated by expo- 
fing the falt for fome time to the heat of a reverberatory furnace. By this pro- 
éefs the falt called pearl ath is prepared. The green or blue tinge which in this 
fate it often exhibits, is faid to be derived from manganefe. A pound of Dantzic 
pearl afh == 5760 grains, examined by Mr. Kirwan, wes found to confift of the 
following ingredients : 


Carbonic acid, ~ - 1190 
Moifture, - - 414 
Sulphat of potafh, - - 505 
Muriat of potafh with fulphat of ditto, — 36 
Earth, - - . 38 
. 2283 

Pure alkali, a - 3477 

5769 


4 Unfair traders fometimes adultcrate theif athes by adding to them a quantity 
of lime or of common falt. As this practice is highly prejudicial in the arts in 
which alkaline fubftances are employed, it becomes an object of fome confequence 
to be able to deteé this fraud, and to afcertain, by a fure and eafy method, the 
proportion of pure alkali contained in any quantity of afhes. Thefe objects have 
been fo happily accomplifhed by Mr. Kirwan, that I cannot do better than ufe his 
own words. “ The prefence of quicklime is eafily difcovered by the addition of 
. “ any mild alkaline folution, and by the fame means as eafily feparated. The 
“ quantity of common falt inay be found by the addition of a folution of filver in 
“ nitric acid to the falt to be tried. One handréd grains of common falt will pres 
“ cipitate 235 grains of the muriat of lilver. 

“ ‘To determine the proportion of pure alkali, or alkali combined only with 
_ & carbonic acid and fulphur, 1/7, Procure a quantity of alum, fuppofe one pound; 
is reduce it to powder, wath it with cold water, and then put it into a tea=pot 5 
“ pour on it three or four times its weight of boiling water. 

“ adly, Weigh an ounce of the afh or alkaline fubftance to be examined: pow- 
& der i it, and put it into a Florence flafk with one pound of pure water, if the 
** fubftance to be examined he of the nature of barilla or potath, or half a pound 
* of water, if it contain but litth earthy matter, as pearl afh; let them beil for # 


Aa ¥y 
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“© quarter of an hour; when cool, let the folution be filtered into another! Hes 
- rence flafk. ao a 


“ 3dly, This being done, gradually pour the folution of sisi hot into the alkae 


** line folution, alfo heated ; a precipitation will immediately appear; fhake thena » 


: * well together, and let the effervefcence, if any, ceafe before more of the alumi« : 


« nous folution be added. Continue the addition of the alum until the mixed li 
© quor, when clear, turns fyrup of violets, or paper tinged blue by radifhes or by 
© lettuces, red; then pour the liquor and precipitate ona paper filter; pour om 
“«« this a paund or more of hot water gradually till it paffes taflelefs; take up the 
* filter, and let the earth dry in it until they feparate eafily; then put the earth — 
“ into a cup of Staffordfhire wate, place it on hot fand, and dry the earth until it 
% ceafes to ftick to glafs or iron; then pound it, and reduce it to powder in the 
* cup witha glafs peftle, and bedi it for a quarter of an hoor in a- heat of isin 
& 4oo® to 500°. | 993 


> 


~ 


4ibly, The earth being thus dried, sitesi it into a Florence flafk, and ween’ its by 
* then pat about one ounce of fpirit. of falt into another flafk, and place thisinthe — 


« fame fcale as the earth, and counterbalance both in the oppofite feale; this be- 
« ing done, pour the fpirit ef falt gradually i into the flaf that contains the earth; 
«< and when all effervefcence is over (if thtre be any), blow into the flaf, and’ 
« obferve what weight muft be added to the fcale containing the flafks to reftore 


« the equilibrium ; fubtract this weight from that of the earth, the remainder is ~ 


«“ a weight exactly proportioned to the weight of mere alkali of that particular {pe- 


* cies which is contained in ene ounce of the fubftance examined 5 all. if acne is 
* fuperfluous matter. 


« Alkalis of the fame fpecies may be in this manner oonspeneen but aticilie of 
** different fpecies cannot, becaufe equal quantities of alkalis of different fpecies 
* precipitate unequal quantities of earth of alum. ‘Thus 100 parts by weight of 


“ mere vegetable alkali precipitate 78 of earth of alum, but 100 parts of mineral if 


« alkali precipitate 170, parts of that earth; therefore the precipitation of 98 
« parts of earth of alum by vegetable alkali denotes as much of this as the preci- 
* pitation of 70,8 of that earth by the mineral alkali denotes ofthe mineral al- 
« kali. Hence the quantities of alkali in all the different fpecies of potathes, pearl 
* afhes, weed or wood afhes, may be immediately compared by the above teft, as 
« they all contain the vegetable alkali; and the different kinds of kelp or kelps — 
* manufactured in different places, and the different forts of barilla, may be thus 


* compared, becaufe they all contain the mineral alkali; but kelps and potafhes, . 


. © as they contain different forts of alkali, can only be compared together by meange 
* of the proportion above indicated. ” See Irifo Tranf. for 179@. ‘ 

ad, The vegetable alkali is procured by the combuftion of the refidue frem the 
lees of wine, either by itfelf, or in conjunétion with the hufks of the grape. In 


this procefs the incineration muft be conducted with a very gentle, fire, otherwife — 


the earth naturally contamed in thefe fubftances will unite with the alkali, and 
form ‘with it an imperfectly vitrified mafs, ~From 4000 lbs. of the hufks of the 
grape (mark de raifin) the Marquis de Buillon obtained 506 Ibs. of afhes, which, © 


by folution in water, yielded 110 Ibs. of alkali. The alkali obtained from thefe al 
fubftances is much purer than ordinary potafh, and is known among the French 


by the name of cendres eravalées. See Fourn. de Phyf.. Juillet 1786. 

34, For pharmaceutical purpofes, the vegetable alkali is ufually procured from 
the combuftion of {mall pieces of tartar rolled up in moift bibulous papery. This 
is an imperfect neutral falt, confifting of vegetable alkali united to an over pro+ 


portien of tartarous acid. The acid i is diflipated by caponag. tartar to the heat of a 
¥ 


fit 
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a moderate fire till it becomes of a white colour. It is then diffolved in water, fils 
_ tered, and evaporated to drynefs in an earthen veffel. When cool, it is put into 
hon veffels, from which the air is carefully excluded. This is done to prevent it 
from abforbing the moifture and carbonic acid of the atmofpheére, for which it has 
a " gvery ftrong attraction. In this ftate it is fold in the ee under the name of 
| falt of tartar. y 

4 ¥ “The vegetable alisali, in whichever of thefe ways it may have been procured, 
: eontains always a greater or lefs admixture of other faline fubflances. It has 
rj ” therefore long been a defideratum with chemifts to poffels a method of feparating 
i _ thefe fubftances, and of exhibiting this falt in a flate of abfolute purity ; ; but the 
: ftrong tendency which the vegetable alkali has to combination renders this ex 

* tremely difficult. One of the readieft methods to obtain this alkali pure is to dee 
 flagrate the nitrat of potafh in a crucible with charcoal. This lat fubfance is to 
be added gradually fo long as it continues to produce a vivid flame, in this pros 
eels the nitric acid is decompofed ; its oxygen unites with the carbon to form cars 
_~: bonic acid, part of which is diflipated by the heat, and part remains in combina- 
tion with the alkali. At the end of the procefs it is neceffary to raife~ the fire a 
te little, fo that the nitric acid may be completely decompofed. 

_ Buta more common method of purifying this falt is that which has long been 
_ employed by artifts and chemifts in preparing cau/fic Jey, or a folution of the pure 
alkali in water. It confifts in adding, in veffels of earth or iron, a quantity of 
boiling water to a mixture of nearly equal parts of alkaline falt and of quicklime 
that has been recently extinguifhed. This ‘mixtunggis covered carefully fo as to 
exclude the air, and, after cooling, is poured into a glafs funnel, which has its 

throat fhut up by a bit of linen rag. Water is occafionally poured on this mix- 
ture till it paffes taftelefs through the filter. When properly prepared, it has’ no 
-eolour nor fmell, and effervefces but very feebly, if at all, with fulphuric acid, a 
> Some confiderable improvements in this method have been lately fuggefted by 
_ LeGiange. To filtrate the mixture of alkaline falt and lime, he recommends ci- 

ferns of wood or of calcareous ftone, the dimenfions.of which may be varied ac- 
. cording to the quantity of cauttic alkali to be prepared. ‘The mixture is to be 
"kept conftantly covered with water ; and the veffels in which the ‘ley ‘is fecured 
are to be flightly clofed, in order to prevent a free circulation of air. To con- 
centrate the liquor, if required, iron pots may be ufed. When the concentration 
has arrived at-a certain point, the fulphat of potafh, which requires for its folu- 
tion a large quantity of water, is feparated from the alkaline ley »To remove © 
this, Le Grange propofes to place a perforated iron ladle at the bottom of the pot, 
_ in which this falt will be colle&ed. But for a more particular account of thefe 
- improvements, fee Annal. de Chem. Tom. XXII. p. 137.- 

But the alkali obtained in this way, although highly cauftic, and fit to be ufed 
in the arts, and for moft purpofes in chemiftry, is {till very impure. When ‘for 
MW any nice or accurate experiments alkali is wanted, Le Grange dire&ts the alkali 
tobe prepared by the calcination of the acidulat, or, as it is ufually termed, the 
Cream of Tartar, and by employing the Saaam af pubeneney by aera of wine, 
ee. frit recommended by Berthollet, — 

- Fthad long been known that cauftic alkali is foluble in Scobie but we are in- 
_ debted to Berthollet for the happy application which he made of this fact to ob 
tain alkali entirely pure from the fubfances: with which’ ips ufually ‘combined, 
| Pe. His procefs is the following: To cauftic ley evaporated to the confiftence of a 
‘fyrup, as much alcohol i is to be added as fhall be fufficient to diffolve it completes 
Lee A {mall portign of this alcohol is to be feparated by fubjecting the solution te 
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diftillation. . When the retort has eis allowed to cool, cryfials of a more or ety i 
regular form, mixed with a dark earthy fubftance, wil! be found at the bottom oF 
the retert in a liquor of a yellowish ‘colour, which fwims above ‘them like oil. 

‘Lhefe cryftals are generally formed of the carbonat, fulphat, and muriat of pot« 
ath; the earthy fubftance of calcareous earth, with the addition of a little filex or. 
iron. ‘The yellowith liquor is the {olution of the pure alkali in alcohol. By fub- . 
jecting it again to.a flight degree of diftillation, this liquor is feparated into two 
portions, and remain fo even after the firongeit agitation. Lime water. produces 
no change i in the fuperior fluid. When svapotared, its colour becomes. deeper; 
and if in this ftate it be allowed to remain for fome time at. reft, tranfparent cry- 
ftals are formed, which have a flight yellowitk tinge. Thefe cryftals are pure al- 
kali, and produce cold in diffolving ip water. The inferior portion of the liquor 
precipitates the folutions of barytes. ‘Treated in the fame manner with the for= 
mer, it alfo afforded cryftals gf.alkali, but lefs regular and lefs pure, The alkali 
procured in this way, though very pure, {till retains a portion of colouring mat= 
ter. But the nature of this fubftance has not yet been fu ficiently examined. Ber- 
ithollet conceives it to be refinous, ! 

Another procefs for obtaining fixed alkalis in cryftals of the greaten itt oe 
lately been propofed by Mr. Lowitz of Peterfburgh. The following account of ~ 
it is copied from the 4th number of Mr. Nicholfon’ s very valuable Journal. 

“A cauftic lixivium of potath is evaporated to a thick pellicle. After the vote 
ing, the foreign falt which has cryftallized is to he feparated, and the evapora- 
<< tion of the lixivium weak in an iron pot, as in the preparation of, the lapis 
* cauftiscus. During this feco evaporation , the pellicle of foreign falts, particu= 
“¢ Jarly of carbonat of potafh, which continues to be formed, muit be carefully ta- 
ken off with an ‘iron fkimmer. When no more pellicle i is formed, and, the mat- 
“* ter ceafes to boil up, it is removed from the fire, and fuffered to cool, with con- 
** tinual agitation by an iron fpatula. It is then to be diffolved in double the 
“¢ quantity of cold water, the folution filtered, and evaporated in a glafs retort, 
e till it begins to depofit regular cryftals. If the mafs fhould confolidate ever fo _ 
* little by cooling, a' {mall quantity of water is ta be added; and it muft be heat- 
ed again to render it fluid. After the formation of a fufficient. quantity: ‘of, res 
* gular eryftals, the fluid, which is very brown, is to be decanted ; 3; and the falt, 4, 
“ after being fuffered to drain, muft be rediffolved in the fame quantity of water. 
* The decanted liquor muft be kept in a well clofed bottle, and. {uffered to. be- 
come clear by fubfidence for feveral days. It muft then be. decanted for a fe- 
sf cond evaporation or eryftallization,’ The proces mutt be repeated, as long as 
“¢ the cryftals afford, with the leaft poffible quantity of water, folutions perfely — 
“‘ limpid. Thefe folutions are to he preferved in well clofed bottles, te sit ope 
* them from the accefs of air. Fakta 

|» & The greateft difficulty of this procefs arifes from the facility win, which the 
« lixivium affumes the folid form. ‘I'o ebviate this inconvenience, a fmall portion, 
s of the lixiviam may ‘be concentrated to the point at which it- becomes converts 
“. ed into 4 folid mafs by cooling. The faturation of a lixiviam confiderably eva- 
“ porated may be afcertained by throwing fall pieces of, this mafs into it during. 
¢ its cooling. ° When thefe are no longer diffolved, it isa proef that. the lizivium 
« is at the required point. cutiay lt cee 
' «© This method of proceeding is abfolutely indifpenfable in the cryftallization ‘. 
** foda, which in other refpects is made in the fame manner, as that of potafh. The 
“ alkali, would not fail, withent his RARE te form a fold mats dyring | its 
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* « ‘With regard to the foreign falts which are mixed with the potafh, the great- 
* eft portion feparates by cryftallization after the firft evaporation of the lixivium; 
“ The reft is feparated during the fecond concentration by the continual fkim- 
ming of the.pellicle, The little which may remain with the potafh muft pre- 
“ cipitate for want of water of folution in a lixivium wherein the alkali itfelf is 
“* no longer diffolved but by its own water of cryftallization, The property of 
“ cauftic alkalis to diffolve in highly reétified alcehol, with the exclufion of every 
* foreign falt, would afford an excellent means of obtaining this falt very pure, if 
* their mutual action did not afford a new fource of impurity ; for when an alkali 
* abfolutely pure and cryftallized is diffolved in fpirit of wine, even without heat, 
* the fluid affumes a very brown colour, which becomes {till deeper after decan- 
* tation from the faline mafs. 

“ The cryftallization of potafh is very different, accordingly as the cryftals are 

** formed with cold or heat. In the firft cafe, the cryftals obtained are odtahe- 
“ drons in groups which contain 0,43 water of cryfallization, and excite by their 
* folution in water, even in the fummer, a degree of cold very near the point of 
“aqueous congelation. In the fecond cafe, cryftalline tranfparent very thin 


‘*¢ blades of extraordinary magnitude are formed, which by an affemblage of lines 


« in directions that crofs each other to infinity, prefent an aggregate of cells or 
“© cavities, moft commonly fo perfe@tly clofed, that the veffel may be inverted 
“ without the efcape of the fmalleft drop ef the lixivium, though fometimes in- 
“ cluded to the quantity of an ounce or two. For this reafon, it is neceflary to 
* break this fine cryftallization, that the fluid may run off. The cryftals prefent 
“ in their regular formation rectangular tetragonal blades, which, as they contain 
“ little water of cryftallization, produce a canfiderable degree of heat when dif- 
“ folved in water. 

** By expofing fuch alkaline cryftals to a red heat in a very clean crucible shih 
* become fufed, and, after cooling in proper moulds, afford a lapis caufticus as white 
* as Inow, and extremely cauftic and deliquefcent. 
_ © As the cryftals and the lixivium, during the length of time required to drain 
“ the falt, may frequently become charged with a portion of carbonic acid, it is 
“ advifable, in order to avoid this inconvenience as much as poflible, that the lixi- 
« yium, as foon as it is breught to the requiiite point of faturation, fhould be pour- 
* ed into a narrow-necked bottle, and well clofed therein, to eryftallize. After 
* the cryftals are formed, the bottle is to be reverfed without opening, and kept. 
“ at a temperature rather warm, until the cryftals are well dried. During the 
“winter, the liquor, after the firft cryftallization, continues to cryftallize without 
being fubmitted to a new evaporation, provided only that it be expofed to a_ 
‘“* temperature fomewhat colder than that in which the firft eryftals were formed. 

To this account M. Van Mons adds in a nate, that cryftals of cauftic potafh 
“ may alfo be obtained, by the fucceflive evaporation of a folution of the potafh of 
« commerce until the appearance of a light pellicle. ‘The firft cryftals which ap- 
“ pear are the alkaline carbonat, or mild alkali; and the latter the pure potafh. 
“ In this way the lixivium is reduced into very regular cryftals to the very laft 
« portions of falt which it contains. Half an ounce of the refidue of a folution of 
“ {everal pounds {till affords very regular cryftals. It is even remarkable that the 
“ Jatter cryftallizations are formed with infinitely more facility than the fick. a 
See Annal. de Chem. Tom. XXII. p. 26. 

b The nature of potath ftill remains unknown. Only a few “imperfed experi- 


; ments have been made to decompofe it. Analogy, however, would incline us to 
believe-that it isa compound body. Vegetable phyfiologifts are not agreed whes 
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ther this alkali be derived from the foil in which plants grow, whether it ‘exitts y 
uncombined with any acid in plants, whether it be a produ& of vegetation; os 
-whether it be not rather generated during the procefs of combuftion. Will plants » 
yield alkali which have been nourifhed in pure water? Can it be obtained by ma- 
cerating vegetables i in water ?, Doés charcoal contain any-alkali? Previous to the 
combuftion of the plants, can any alkali be obtained by adding to them any of the 
acids to which the alkali has the ftrongeft affinity ? Under the article Nitrat of 
Potafs, or Common Nitre, we thall find reafon to. believe that. this alkahth is pineal 
achat in certain foils expofed to the influence of the bitin es 
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aTais Cibeiiapnd i in combination with carbonic acid, exifts in copa sie 
tity in yarions parts of the earth. In’this ftate it has been termed native mineral - 
alkali. In fome fituations it is depofited in beds under the furface of the earth, as 
in-China ; in others, at the bottom of lakes, as in Hungary and Egypt. Effloref. 
cent cryftals of mineral alkali are often found on the infide of the walls of houfes, | 
in fubterranean caverns, and on foils occafionally overflowed by waters. holding 
this falt in folution. ‘The exiftence of this fubftance i in mineral. fprings has. been, 
known for feveral years, Dr. Black found. it uncombined, as he conceived, in » 
water brought to him from the hot {prings in Iceland; but Klaproth, in an ana 
lyfis which he has lately publithed, afferts that this mineral alkali is not free, but. 
exifts in thefe waters in combination with carbonic acid. . ‘The fame chemift found | 
carbonat of foda in confiderable quantity in the mineral waters of Carlfbad. The 
fea and falt mines are, however, the grand referveirs in which this ‘alkali ‘united 
to the muriatic acid is contained. See Chaptal, Vol. I. p. 175.3 Monro, Phil. 
Tranf. Vol. LI. p. 567.5 Lorgna, Fourn. de Phyf. 1786 Fuillet. ; W. iegleb’s Chemi iftryy 
tranflated by Hopfan, p- 139.3 Kirwan’s Mineralogy, Vol. Il. p. §.; Black, Edin. Phil,” 

’ Lranf. Vol. Wl. Klaproth Beitrage, erfier band, {. 322.3 zweiter ‘band, f..99. 

The'mineral alkali has been hitherto obtained chiefly from the combuftion of 
fea-plants, and of plants which grow in falt marfhes.. _The variety of plants. em- 
ployed for this purpofe is very confiderable. In Spain this fubfance is procured 
from the different {pecies of the fal/ola falicornia and batis maritima. The. zofera = - 
maritima is burnt in fome places on the borders of the Baltic, as is the anabafis ae 
epbyllaon thofe of the Cafpian, In this country we burn the various. fpecies of 
fue. Along with the /alicernia they burn alfo the ebenopediuin raritimum in the 
fouth of France. 

- It feems deferving of notice, that fome planta, which j in their native foil sil 
only vegetable alkali, afford alfo'the mineral when they happen to grow in the ’ 
neighbourhood of the fea, or in lands occafionally wathed with fea water. Of this “ef 
kind are the etriplex balimus and portulacoides, the reaururia vermiculat, the mnefem— i 
bryanthemum etodi iflorum, copticum, géenuliculiferum, and eryfallinum, the different {pecies 
of the triglochin, the dipfucus fullonum, &c.. The afhes of the tamarin gallica and — 

| germanita growing ata diftance from the fea are faid to contain fulphat., of foda 
with the: vegetable alkali. The fame thing has been affirmed of the Sedum telen 
phium and er Jngium camp oe a Bohmer Techni hs ey der Fifer Exfier 
Theil f. 6y7.. ah | Bp i. we 

0 We havevas: mit ‘but: heck adaacciey stint of the Wisaee from. mnie ) mineral 
alkali may be extracted. Chaptal has announced’ an analyfis of the filicoraig 
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‘which is to appear under the article Verrerie of the Encyclopedic Methodique. Vaue 


quelin has givenva fhort but iaterefting account of his experiments on the /aifola, 
oda. 
In digefting this plant with diluted nitric. acid, and expofing the mixture toa 
flight degreesof heat, -he obtained x. Carbonic acid. 2, Water. 4. Pruffic acid. 
4. An oily matter fimilar to wax. s. A white fubftance, which has all the cha- 
racters of an’ acid, though little foluble in water. .And, 6. A citron yellow cos 
Jour in the folution, which was increafed by the addition of an alkali, 
’ An ounce of falfola afforded by diftillation, 1. Water. 2. A yellow fluid fuce 


_ ceeded by a red oil 3200 enbic inches of elaftic fluids, of which 66 were carbonat- 


ed hydrogen gas, the remainder carbonic acid. The liquid produc, as well as the 
gafes, had a fetid fmell, gave a green tinge to the tinture of violets, and became 
white on bringing it into contac with oxygenated muriatic acid. ‘The liquor 
feemed to contain pyrolignite of ammioniac. + Paap this analyfis it is evident the 
falfola contains much azote. 

A pound and a half of this dail afforded by combuftion 3 ounces 2 gr. of 
afhes. 500 grains lixiviated and evaporated to drynefs, left atefidue of 180 grains 
This refidue confifted of the muriat and carbonat of foda, in the proportion of 
I13'patts of the muriat to 60 of the carbonat. The refidue of the 500 grains 
which had not been diffolved, contained fulphurated hydrogen, carbonic acid, and 
91 grains of magnefia, with a fmall portion of carbon, filex and iron. This plane 
is fingular, in containing neither lime nor potafh. See ‘fourn. de Phyf. 1793. 
Novembre. : ‘a . . . ' 
~The mineral alkali obtained from different plants is more or lefs pure, accord« 
ing to the nature ef the particular plant from which it has been prepared, and the 
pains taken in its preparation, to preferve it from foreign admixtures, The kinds 
beft known in commerce are barilla, foda and kelp; yet-even the barilla, which 
is reckoned the pureft of thefe fubftamces, contains a large proportion of adventi+ 
tious matter. A pound of barilla examined by Mr. Kirwan, contained of 


Sete ? 


Grains. 
Carbonic acid, - - 960 
Charcoal, - - 861,82 
Calcareous earth, - . 542,86 
Magnefia, - - - 129 
Alumine, 7 - ~ 331523 
yee Silex, ~ - - 249,58 
’ ‘Mineral alkali, pure, - aa 
Ditto, impure, - - 250 
Ditto, with common falt, == os "327 J 
_ $ulphat of foda, - - 1s 
_ Muriat o! foda, ~ - 7° 
Earth depofited, Va - 20 
. 4306,49 
Water, ~ ” - 1453,5% 


_ he aluminous teft formerly mentioned, will give us pretty exactly the quan - 
ity of pure alkali, which any preparation of mineral alkali may contains 489 
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gains of mineral alkali precipitate 725 of alumine. By this means Mt. Kirwan 
was enabled to afcertain, that 100 Ibs. of cryftallized foda contain 20 Ibs. sh mate 
ely alkal, 

Sweet barilla, - - Rho” 


ai Mealy’s cunnamara kelp, = pt gegen 8 
Ditto defulphurated by carbonic acid, = AAS 7 
° Strangford kelp, - - Ay 25> 


‘The native mineral alkali found in Egypt and Barbary is {aid to be about 5© per. 
cent. ftronger than common foda. Mr. Kirwan confiders the cryftals of foda as 


avery fit ftandard by which to try the ftrength of the other kinds of mineral, 


alkali, as the quantity of alkali in thefe cryftals continues at all times very nearly: 
the fame. See lrifo Tranf. for 1799. 
’ bA ready way to diftinguifh the mineral from’ the vegetable alkali is is to drop a a 
fmall quantity of the of acid {ugar into a folution of thefe fubftances. in water. 
With the vegetable ‘this acid will form a very foluble falt ; with the mineral one. 
difficultly foluble. Kirwan’s Mineralogy, Vol. il. p. 2. . 
* © ¥t has for fome time been a favourite object with chemical nititls, ssididcenent a 
cheap, eafy, and expeditious method of procuring mineral’alkali by the decompe- 
fition of the muriat or fulphat of foda. A difcovery ofthis kind would indeed be, » 
highly beneficial to the arts. The alkali itfelf would not only be purer, but a 
larger quantity might be obtained, and that with far lefs. expence and trouble,, 
Various methods of extracting this alkali are now pra¢tifed in different parts of 
Europe, but moft of them are either carefully concealed, or, in confequence of let-. 
ters patent, have become the property of private individuals,’ In the mean time, 
“it may not be improper to take a fhort review of the labours and pittrane of, 
vrmpe with regard to a fubject fo generally interefling. | che 

‘Du Hamel and Margraaf tried in vain to decompofe the muriat of fits with i ine 
fiammable fubftances. They fucceeded better, Rawpvet, with tha rary ef that! 
alkali, +0 a wnheis 

‘The firft of thefe chemifts mixed fulphat of foda with powder af dtilieos!, and 
expofed the mixture to the action of a ftrong fire. The fulphuric acid was in 
part decompofed, and the mixture reduced to the ftate of a fulphure or hepar. Du 
Hamel added acetous acid to this fulphure, which difengaged the fulphur in com- 
bining with the alkali, acetit of foda was now formed. The acid of this falt was 
afterwards diflipated by the fire, and free mineral alkali found as the refidue, But 
the alkali prepared i in this way is not only very expenfive, but alfo impure, as it 
contains more or lefs fulphur, and undecompofed fulphat of foda. See a de 
P Acad. des Sciences de Paris, 1736, p. 299. | ae ae 

Margraaf decompofed the muriat of foda by.a fingle affinity. In diftlling i it with 
nitrous acid, nitrat of foda was formed. This falt was afterwards deflagrated 
with powder of charcoal. By lixiviating the refidue, he obtained cryftalized, mi. 
neral alkali. He employed a double affinity: to produce this effed, in adding a {o~ 
lution of fulphat of foda to a folution of lime in the nittic acid. The acids ex~ ° 


changing mutually t their bafes, the fulphuric forms with the lime an infoluble falt, 


‘The folution containing the nitrat of foda, was filtered and allowed to eryftalize, 
and the falt obtained in this way deflagrated with charcoal. “Thefe proceffes are 
obvioufly both troublefome and expenfive. See ret in Opufcules Chemiques, 
A om. IIp. 331. . 


‘Hagen and Bergman difcovered that’ the’ rier) has a lefs attradtion foraéids 


than the vegetable alkali.’ The addition of the latter, therefore, to the’ add cops 
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higations with the former, afford a ready way of obtaining’ pure mineral alkali. 
See Hagen’s Abbandlungen Chemifcben Inbalts,£.136. Bergman. Opufc. Vol. Ul. de Ata 
wy adtione EleG&rica, § 12. 

_ Crell decompoled fulphat of feda, by adding to it a folution of acetit of lime, 
Phe acetit of foda was afterwards expofed to a fire fufficiently {trong to erie 
the acid. See Chemifches Fournal, Th. 1. f. 94. 

_ Delius reduced by fire fylphat pf.foda with charcoal to the ftate of a i in 
feparated the fulphur by the addition of the nitric acid, and afterwards deflagras 
ted the nitrat of foda witha freth quantity. of charcoal, See Almanach fur Apothecker, 
1781. f. 129. 

. Scheele propofed to decompofe the muriat of foda by the oxyd of lead. Gottling, 
Achard, and Remmler were at great pains to prove that the procefs of this excel- 
ent chemift was impracticable ; or, if practicable, too expenfive to be put into exe~ 
cution. See Wefrumb. Kleine Abbanlungen, 1735, f. 139. 

. Weftrumb expofed to the action of a ftrong fire mixtures of one part of muriat, 
of foda with from one to fix parts of charcoal. ‘Thefe mixtures were flirred care- 
fully, till the charcoal was wholly confumed. By lixiviating the refidue, mineral 
alkali was obtained in a proportion always corref{ponding to the quantity of char- 
coal employed with this alkali. The refidue alfo contained muriat of potafh, ful- 
phat of potafh, and undecompofed muriat of foda. The decompofition of the mu- 
riat of {oda in thefe experiments, is to be attributed folely.to the vegetable alkali 
which is formed during the combuilion of the charcoal; for in no inftance did 


the quantity of mineral alkali exceed what muft have been difemgaged by the ves 


getable arifing from the quantity of charcoal confumed. 
_ No mineral alkali could be procured by boiling a folution of muriat of foda writhy 
guicklime, 

Weftrumb mixed from three to four partsof unflaked lime with one part of 
muriat of foda, and formed the whole into a thick mafs with water. This mafs 
was carefully kneaded and divided into pieces of about two inches in thicknefs, 
fix in breadth, and twelye inlength. ‘I'hefe were placed in a ftill fituation where 
the air was feldom renewed. After fome time {mall plumofe efllorefcent ctyftals 


- were to be feen on the furface of thefe little mafles, which, by folution and cryita- 


lization afforded carbonat of foda, This procefs, however, is not only tedious and 


- nprofitable, but to carry it on to any extent would require an immenfe range of 


buildings. 
_ The gradual decompofition of the muriat of foda by lime, in this procefs, is 
one. of thofe anomalous faéts in chemiftry which it is difficult to explain. It forms 


_ a apparent deviation from the laws of chemical affinity, for the muriat of lime 


js decompofed by the mineral alkali, either in its mild or cauftic tate. This experi- 
iment is the more valuable, as it enables us to accqunt for the prefence of mineral 
alkali in many of thofe fituatious in which it is now known to exift. 

_ The addition of filiceous‘fand to the mixture of muriat of foda and lime, feem- 
ed to accelerate the formation of the mineral alkali. 

Mr. Kirwan had propofed to decompofe muriat of foda, by adding to it acetit 
oflead. The folution of lead isto be added, while hot, to a folution of the mu- 
riat of foda, till it ceafes to produce any farther precipitation. By evaporating 
the fapernatant liquor, cryflals of acetat of foda are obtained. From this the 
acetous acid is expelled by calcining to whitenefs. Weitrumb repeated this pro- 
cefs, but found it much more expenfive and troublefome than to decompofe mur 
siat of foda diredtly by the vegetable alkali. 

This Snel boiled fulphat of foda in a folution of lime. A flight decompofi- 
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' tion took place, but thé quantity of alkali difengaged in tay ei gk a was: s tee. 


fmall to promife any economical advantage. ss 
- Sulphat of foda, formed into a thick pafte with lime, and expofed in a fill seek 
to the action of air, is alfo gradually decompofed. ‘The quantity of alkali, how- 
éver difengaged, did not feem to be greater than i is shag fren muriat of foda 
treated in the fame manner. sc uieth 
-In the new method of bleaching, fulphuric acid is added to muriat ai foda. 
and manganefe, i in order to procure oxygenated muriatic acid. Sulphat of foda is 


formed. ‘This falt is generally thrown away as ufelefs; but Berthollet, the origi- . 


nal difcoverer of the procefs, fays, that he was in poffeflion of feveral ways of dé= 

compofing it, and of obtaining its alkali in afree fate. “Thefe proceffes he was _ 
Mot at liberty to explain, as they had been communicated to him in confidence — 

by the individuals to whom they belonged. Weftrumb, in condudting’ a large 
bleachfield, tried for feveral years to decompofe the falt, but afterwards abani= 
dened the procefs, as being extremely difficult as well as expenifive: The li- 
quor remaining after bleaching, ‘in addition to the fulphat of foda} contains dif- 
engaged muriatic acid, uncombined fulphuric acid, anda confiderable quantity of 
the muriat and fulphat of manganéfe. The muriatic acid was feparated ‘by heat, 
and the muridt and fulphat of manganefe decompofed by the addition of ‘mineral 
alkali,’ The whole of the fulphat of foda thus produced, was calcined with about 


thitee parts of powder of charcoal. The calcined mafs was diffolved in water, . 


filtered, and the folution expofed for feveral weeks to the atmofphere, during 
which the falphur remaining in the folution was gradually feparated.’ "The folu- 
tiom was again filtered, evaporated, and ‘allowed to form’ into cryftals of carbonat 
ef foda. In this-procefs, Weftrumb ebferved, that the fulphurie acid is almoft 
wholly decompofed, and changed into fulphur, part of which is fublimed by cale 
cination, part diffipated in the form, of hepatic gas, during the folution of the cal- 

cined mafs, and’ part difengaged during the- expofure to the air by ‘the ‘acion 


of the'carbonic acid. “This procefs was firft recommended by Gren. It is re-. 


markable, that during expofure the’ fulphure of foda was’ not changed, vas has 
been alledged, into a fulphat by the abforption' of oxygen gas. / Weftrumb afferts, - 
in oppofition to Berthollet, that little or no fulphat’ was formed even after afi'ex- 
_ pofure of fix‘months. ‘The alkali prepared in this manner has the fmell. of burnt 
horn. It retains this fmell after long expofure to the air, and after repeated’ ‘folu- 
tions and cryftallizations. It is diflipated, however, by calcining it in the'fire. 
Weftrumb. decompofed the fulphat of foda with the acetat of lead, in the man- 
ner of Mr. Kirwan. The decompofition is Beret, but the ane ‘of the tee 
cele 1 is too great for the manufacturer. TID IVTEE SE Me 
' After much experience, Weftrumb afferts, that ie eatielt; mot dilaton and 
cheapett method of obtaining mineral alkali, is to décompofe’ Hy pening: ful- _ 
phat of foda dire&ly, and without an intermedium, by potafh. | i i, Dae 
‘Pe diredts 20 Ibs. of muriar of foda to be diffolved in 60 Ibs. of water, and ta 


this folution 25 lbs, of pure dry potaih % are to be added. This folution is to be ~ 
evaporated till the firft faline pellicle’ which forms on its furface falls to thé ‘bot- 


tom, and a’new one is formed in its ep It is then to be taken from the’ fire, 

and kept i in a temperature of from 55° to 60° of Fahrenheit. Duritig: the:cooling, - 
giuriat ‘of potafh feparates in great quantity. The liquor is now! to ‘be ftrained 
through a piece of fannel cloth, and after cooling for an hour of two,'a “frefh por 
tion of muriat'of potash mixed with fome mineral alkali, will be feparated. If 
the folution be now poured into another veffel, and expofed in a cool place, pure 
mineral alkali will be formed in great quantity. The falts remaining onthe | 
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| training cloth are the fulphat and muriat of potafh, Thefe are to be wathed 


with warm water, and the water carefully preferved. It, together with the mo. 
ther. water remaining after the feparation of the mineral alkali, is to be again fubs 
jected to the procefs of evaporation. Every thing is now to be conducted as be~ 
fore. By this treatment, about 25 or 26 lbs. of mineral alkali will be obtained, 
which ftill contains a {mall portion of muriat of potafh. The whole of this pro- 
cefs takes up only fix or feven days. Te purify the alkali completely, it is to be 
diffolved in boiling water, and evaporated till a thick pellicle forms on the fur- 
face of the folution, it is then to be expofed to the cold. The muriat of potafh 
will be firft feparated, and afterwards the mineral alkali, in large beautiful cry- 
flals, eafily diftinguifhable by their form. By repeating the evaporation of the li- 
quor remaining after cryftallization, the whole of the mineral alkali may be fe- . 
parated frem the muriat of potafh, with which it is mixed. By this laft procefs 
about 20 Ibs. of pure mineral alkali, in large tranfparent sckighie with one anda 
half of a lefs pure kind were procured. 

If the alkali be required in a very pure ftate, thefe cryftals may he again dif- 
folved in diftilled water, and the procefs of evaporation and cyfallinstion again 
repeated, 

Weftrumb prefers the muriat to the fulphat of foda in this procefs, n not only be- 


‘ caufe it is cheaper, but alfo becaufe it contains more mineral alkali. The fepara- 


tion of the alkali from the fulphat, is, however, more eafily effected; for the 
fulphat of potafh, which is preduced in this procefs, forms a falt but little foluble 
in water, See Cheerifihe Abbandlungen, f. 165.1793. 

A very interefting report on this fubje@& is to be found in the roth volume of 
the Annales de Chemie. It has been drawn up by Lelievre, Pelletier, Darcet, and 
Giroud, partly from memoirs communicated to them from different parts of 
France, and partly from experiments and preceffes which they themfelves had 
inftituted. 

The firft procefs defected! in the report, is that of Citizen Leblanc. It confifts 
in decompofing muriat of foda, by means of fulphuric acid. In a wide and hallow 
leaden veffel, placed in a reverberatory furnace, and heated, fo as that the hand 
cannot be applied to it, 276 lbs. of fulphuric acid are to be added te 200 lbs. of 
muriat of foda, which had been previoufly reduced to a fine powder. This mix- 
ture is'to be ftirred occafionally with a wooden rake. When the humidity is all 
nearly diffipated, and the matter begins to harden, then the fire may be allowed 
to burn out. ‘The furnaces, in which this procefs is performed, are conftructed fo 
that the muriatic acid may be diflipated or collected at pleafure. In collecting 
this acid, it may be fimply united to water, or combined with the volatile alkali 
arifing from the combuftion of animal fubftances. In this firfl operation, the de- 
compofition of the muriat is not complete. ‘The dry matter is therefore to be put 
into a reverberatory furnace of brick, and fubjected to a heat fufficient to fufe it. 

1000 lbs. of the fulphat of foda thus prepared, 1000 of chalk well wafhed, and 
550 of charcoal all in powder, are to be mixed together. About 400 Ibs. of this 
mixture are to be introduced at each time into a brick reverberatory furnace. It is 
neceflary to break, from time to time, the cruft that is formed. When it has-been 
reduced by the fire to the ftate of a foft pultaceous mafs, bubbles of fulphurated 
hydrogen gas are difeagaged, which burn with great vivacity on coming into con- 
tact with the air, At this period, the mafs is to be flirred brifkly to confume all 
the fulphur which is formed, and to facilitate as much as poflible the difengage- 
ment of the hydrogen gas. When this matter in cooling exhibits a fine grain, it is 
judged to be time to withdraw it from the furface, After cooling, it is broken 
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into pleées of different fizes, and carried toa damp place, where it abfotbs het? 
ftur¢ and carbonic acid from the atmofphere. 

100 Ibs, of this matter, diffolved in water, evaporated, and allowed to eryattiadl 
afforded 37 lbs. 8 ounces of’ cryftalized foda. The water in which it had beer 
diffolved, when evaporated to drynéfs; 2.3 lbs. 2 ounces of foda, in part cauftic, and 
in part aerated with a refidue of 73 tbs. 7 ounces. 100 Ibs. of the refidue confifted of 

‘Carbon 1 lib. 8 ounces. 

Sulphur 12. ‘ 

Chalk 86. | iis 

{00 Ibs. of this foda i in a dry and pulverulent form, baanitwed by the feporters} 
Was found to contain, ye HES 

Soda dry, and for the greater part cauftic, 72 Ibs. 8 ounces, 


Muriat of foda, - ie 
Sulphure of lime, charcoal, and iron, a aiae 
Water, - - 9 II 


A fecond procefs is that of Citizen Alban. The materials he ice are in ena 
following preporticns : 


Sulphat of foda calcined, : 200 Ibs, eeanenees 
Powder of charcoal, = SRR Gig 

Pieced of white iron, or iron plate, - 65 lbs. 

Charéoal, in the ftate of braife, or burning charcoal, 22 


The filphat of foda,and powder of charcoal, are firft introduced inito’a rever= 
beratory furnace. When this mixture is properly fufed, 40 Ibs. of the iron are td. 
be added. ‘The riiafs is to be ftirred from time to tifne, care being taken in the 
intervals to keep the door of the furnace clofely fhat. The matter which at firft 
became liquid, now affumes a thicker confiftence, {wells and bubbles up, 16 lbs. of 
the draife of charcoal are now to be added, and the mixture well ftirred. Jets of 
hydrogen gas, as in the former procefs, are difengaged. The remaining 25 lbs. of 
iron, anid 6 Ibs. of braife, are to be added as foon a¥ the iron firft ufed feems to be 
completely melted, and the fire continued till the whole mafs enters inte cempleté — 
fufion, ‘The melted matter is then to be allowed to run off. The weight of the 
whole mafs, on coming out of the furnace, is mearly zr lbs. ; fo that there has 
been 2 lofs in all of 134 lbs The procefs takes up about chit hours. § Ibs. of 
this crude foda, expofed to the atmofphere for 20 days, affumed'a pulverulent form, 
and abforbed 3 lbs. of water and carbonic acid. too Ibs. of this foda lixiviated. 
and afterwards cryftalized by evaporation, afforded 71 lbs, 4 ounces of eryhalinea 
foda, 22 lbs. ina dry and powdery ftate, containing a little iron and charcoal. 
‘The refidue, weighing 86 Ibs. 6 ounces, confifted of a fulphure of iron united to a 
_ little charcoally matter. This procefs, the reporters obferve, is neatly the famé — 

-with that propofed by Malherb, a Benedictine monk, and of which MR ospoy bod 
gave fo favourable an account in the year 1778. 

« Take,” fays Malherb, “ whatever quantity you pleafe of fulphat of foda, and 
“ add to it r-roth of its weight of charcoal, and 1-3d of iron, or the ruft of iron’; 
“ fufe the whole. This fufed matter hardens by cooling, but will foon fall 18 ‘ 
«* pieces in the air. The folution of this matter in water has adlightly greenifh 
“ colour, either from a fmall portion of iron, or of chorcoal. Evaporate the 
‘© lixivium, and calcine the refidue, you will obtain true mineral alkali.” 

Malherb and his affaciate Athenas have defcribed another mode of obtaining this 
falt. It confifts in adding 10 Ibs. of calcined muriat of foda te 14 lbs, of flightly 
calcined fulphat of iron. ‘The mixture is to be expofed to the adtion of fire in a 
" reverberatory furnace, till the muriatic acid is completely expelled. The charcoal 
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8 then to be added, and the whole mafs made to enter into fufion. After cooling, 


this mafs requires to be repeatedly lixiviated with water, in order to diffolve all 


‘the alkali. The ferruginous refidue affords by calcination a red brown pigment, 


which will in part defray the expence of the procefs. The reporters, in repeating 
this procefs, found that nearly 8-100ths of the muriat of foda remains undecompofed. 
Athenas fucceeded alfo in decompofing muriat of foda by copper and zinc; but 


- the expence of thefe metals is fuch as to preclude entirely their ufe. 


. Chaptal and Berard have eftablifhed a work at Montpellier for decompofing 
the muriat of foda by lead. They defcribe their procefs in the following manner : 

Take 490 lbs. of litharge, well fifted, and diftribute it equally in four large 
earthen glazed veffels; then diffolve 100 lbs. of muriat of foda in 400 lbs. of water. 
Pour inte each of the earthen veffels 1-4th of the faline folution, fo as to form a 


- pafte of a foft confiftence.. The whole is to be left at reft for fome hours; but 


when the furface begins to whiten, it is neceflary to ftir it well with a wooden 
{patula. “Unlefs this be done, the pafte will acquire too great a degree of hardnefs, 
and a part of the falt left undecompofed. 

It is neceffary alfo to ftir this pafte as it becomes thicker, and to dilute it with 
frefh quantities of the folution, fo as to keep it at nearly the fame degree of cons 
fiftence. If the folution be not fufficient for this purpofe, recourfe may be had te 
common water. 

The decompofition in this way is ufually completed within 24 hours, and the 
refult is a very white homogencous pafte, without clots, and of a volume larger 
than that of the litharge originally employed. It may be proper, however, to 
allow this pafte to remain 24 hours longer in the veffels, and to ftir it occafionally, 
in erder to produce a more perfect decompofition. 

In this ftate the foda is cauftic, and imbibes the muriat of lead. The foda may 
be feparated by wafhing this falt. For this purpofe, dilute the pafte with a fuffi- 
cient quantity of boiling ‘water, and ftir the mixture conftantly in adding it; for 
without this precaution the pafte will clot, and the lixiviation become extremely 
difficult. Decant off «the liquor, holding the foda in folution, and filter the re- 
mainder through a piece of cloth. 

- Soda, in a dry form, will be obtained, by evaporating the liquor in iron veffels, 
By this procefs, 65 lbs, of foda are procured, much purer than the befl kinds to be 
met with in the fhops, though ftill mixed with a certain quantity of the muriat of 
lead, and fometimes with a little of the muriat of foda. This foda, which is at 
firft very cauftic, abforbs carbonic acid from the atmolpheré. The muriat of lead, 
obtained in this procefs, may ferve inftead of ordinary white lead. 

Citizen Carny has propofed in this procefs to ufe the red oxyd of lead. 50 lbs. 
ef this oxyd are to be added to 40 Ibs. of muriat of foda, The mixture is to be 
put into an iron veffel placed over a furnace, and’ kept ftirring, while the falt-de- 
crepitates. When the decrepitation has ceafed, a little water isto be poured oa 
the mafs, and the flirring continued till the oxyd becomes white, and till the water 
rifes about an inch above the mafs of materials. ‘The heat is then to be difconti- 


_ mnued, and the mixture put, with about 100 lbs. of warm water, into a leaden vel- 


fel. ‘In this it is to be ftirred anew, and afterwards allowed to depofite for fome 
minutes. We are then to pour off the clear liquor, and evaporate it in a fecond 
weffel of lead. After this, it is pafled into a third veffel, which is to be kept co- 
vered for three or four days witha piece of woollen cloth. During this time, the 
muriat of foda, which had not been decompofed, forms into cryftals; but as it 
ftill remains as well as the oxyd of lead with the free foda in the liquor, we evapo- 


rate this almoft to drynefs, and obtaia a cauftic foda, holding a little oxyd of lead 
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in folution, This oxyd may be feparated, by leaving the liquor fos forne time oe 
pofed to the air. The carbonic acid uniting with it, precipitates the lead ina 
white cryftalline ftate. We may be certain that the alkali contains no more ¢ lead 
wheh we are unable to precipitate it by- an acid. + sl ine 

The refidue after this procefs contains, 1. Muriat of lead. 2: Mariat. of. foda. 
3. A white and uncombined oxyd. 4. Plumbat of foda; and, 5. Carbonat of foda. — 
_ By repeated ablutions, thefe falts may all be feparated, fo as to leave only the 
white oxyd and the muriat of lead... The muriat is eafily reduced by oil, or it may 
be converted into a beautiful yellow pigment, by fufing it by itfelf in the fire. , 

-Ribancourt directs a mixture to be made of equal parts of muriat of foda and 
litharge’; 100 lbs. fay of each. The litharge having been reduced to the ftate of 
a powder, 4 lbs. of the mixture are to be grounded with 3 lbs. of water. The li- 
tharge gradually lofes its colour, and becomes white. At firft this matter ab- ’ 
forbs only a little of the water; but, in continuing to grind, it acquires a degree . 
of confiftence, which renders it neceffary to add the water fucceffively in fmali 
portions. When at laft it becomes a pultaceous mafs, it is to be put into jars, 
where it is allowéd to remain for 24 hours. During this time, it isto be ftirred 
occafionally, and will at laft acquire a fine white colour. . 

If we now fubjeé this mixture to preffure, we fhall obtain 120 » Ibs. of a aed 
21° in ftrength. We add to the mafs 120 lbs. of frefh water; ftir it well, and 
fubjeétit again to preffure. By this means, we obtain a lixivium of 14°; a third. 
quantity of water will afford a ley of 4°. .Thefe liquors are to be mixed and eva. 
porated. During this operation, a pellicle is to be fucceflively formed at the furs 
face, which is to be removed by a fkimmer. When the evaporation is finithed, 
the matter is to be left 24 hours to dry. This falt does not refemble foda in the 
form of its cryftals. It is partly aerated, and partly cauftic, and contains fome 
muriat of foda. On being expofed to the air, it efllorefces, and becomes. whites 
Ribancourt fubjects it to a {trong heat in an earthen pot, and diffolves it in water, 
By cryftallization, perfectly pure foda is obtained. The muriat of foda which i is 

feparated, weighed 16 lbs. 12 ounces, or nearly 1-sth of the whole. _ 

Ribancourt has propefed a method of obtaining mineral alkali in detopitie 
the fulphat of foda by charcoal alone. 

Take, fays he, 100 lbs. of fulphat of foda; reduce it toa powted and 1 sist it with 

25 lbs. of fine powder of charcoal. ‘This mixture is to be introduced into a furs 
nace, anda brifk fire kept up till the matter begins to melt. The heat is then td 
be diminifhed, and the matter well flirred. When it melts into a foft palte, we 
give to it a fudden heat, juft fufiicient to induce fluidity. The opetation is then 
finifhed. . The matter is taken out when cold, and carried to the place where it is 
_ to be lixiviated. This operation takes up about four hours. Much depends on 
knowing the time when it is proper to withdraw it from the fire; for if it _be 
withdrawn too foon, the fulphat of foda is not decompofed; if too late, the fuls 
phur burns, and fulphat of foda again is formed. The melting into a pafte is the 
beft teft that the acid has been changed to fulphur. Ribancourt was, however, . 
obliged to abandon this method, ie the great uncertainty which accompanies it, 
‘and to have recourfe to iron, as an intermedium to combine with the falphur. _ j 
In addition to thefe proccffes, the reporters propofe to decompofe muriat of 
foda by martial pyrites, inftead of the tulphat’of iron. Mixing 10 Ibs, of pyrites 
with 4 of muriat of foda, they reduced the whole to a powder, and calcined, it for 
é0 hours in an iron weffel. During the calcination, a great quantity « of  falphuric 
and muriatic acids was difengaged. The mafs acquired a powdery form, ith had 
she appearance of a brown oxyd of iron, and. had loft g lbs. 4 ounces of ie weights 
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By lixiviation, it afforded 4 Ibs. 8 ounces of fulphat of foda. ‘The mother water’ 
a evaporated to drynefs, left behind a faline cryftallizable mafs of about 4 ounces 
fp Bviesighss rneeeey of nen muriat of ve ee of foda, and mu-' 
| [eho refidue of this lixiviam, filtered and dried, was a esas oxyd of iron, 6 Ibs. 
& ces in weight. “In heating this, a covfiderable quantity of fulphureous acid. 
as difengaged. This oxyd the reporters propofe to. ufe, along with the charcoal, 
in the decompofition of the fulphat of foda, By seb the a in 
4 ee tnaees fhall fave both time and expence. - 
. _ Common pit coal, or, what is flill better, peat or turf, may * ufed inftend of 
chareoal, and have befides the additional advantage of giving out piearger alicali' by 
combuftion.  — a 
~The reporters poder this procefs, by mixing 10 tbs. of yiics with 32 " coarfe-~ 
ely. powdered pit coal; and to this mafs they added water, containing 6 lbs. of the 
 muriat of foda. This mixture was fornied into-balls, which were burnt on a erid- 
- iron in a reverberatory furnace, by a little lighted charcoal placed under them.’ 
_ The incineration took up 13 hours. Their afhes, by gn afforded 6 Ibs. of 
— eryfallized fulphat of foda, - 
100 lbs. of pyrites, 30 of peat, with 6 rhalf of muriat of foda,. ineated: in the 
) fine manner) afforded 7 lbs. of cryftallized fulphat of foda, 
In this country various methods of obtaining mineral alkali are followed by dite 
_ ferent chemitts. Some of thefe methods are carefully concealed, while others of 
_ them are but very imperfectly explained in the letters patent which thofe who 
_ practife them have obtained. ‘There can be little doubt that all. of them, how-! 
every are conducted on the fame principles with the proceffes we have already fo 
fully defcribed. See Repertory of Arts and Manufactures. mae 
_ After this long detail, it feems fcarcely neceffary to remark, that, in preparing 
Y amineral, alkali on a large feale, we mutt often be dire@ed in the choice of our 
means by local circumftances, by the nature and price of the materials ‘that are’ 
Within our reach, and by the value and demand, not only for the alkali itfelf, but 
» elfo forthe: other ufeful {ubftances that may be procured in this interefting pro- 
J cefs; for in this, as well asin every other mercantile concern, calculations with’ 
«Regard to the expence and the profits muft ws pines form the bafis of, wert Tae 
tional enterprife. Lowel ) ? 
a 13 Bas god 5. ix . . 2 
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8 Axnro NIAC, or ‘the volatile alkali, is formed during the fpontaneous decom- 


Peer animal fubftances, Many plants alfo give out volatile alkali, while 
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s to the ftate of putrefaction. Combined with different acids, it exifts in 
_ many Pipe waters, in coal, and in various other kinds of ftrata. The ftrata, 
however, i in which it exifts, are generally obferved to contain fome marks of anie 
§ mal or - vegetable bodies, See Kirewan’s Mineraligy, Vol. Il. p. 7. ’ 
CR the purpofes ¢ of commerce and medicine, volatile alkali is prepared only 
_ from the animal kingdom. Being obtained by diftillation from the horns of ani- 
mals, it has been long] known in the fhops by the name of /pirit of bariforn.. 
ies it is ives § impure, containing fome oil and much carbonic acid. in ors 
r to obtain it free from thefe fub{tances, it is neceflary to diffolve it in muriatic 
acid, and afterwards to ‘difengage it from this combination by the addition of a 
axed alkali, or of Have, Two parts gf burnt lime, and one of the cauftic alkaline — 
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falt, are the proportions to be added to one part of the muriat of ammoniac. ‘Thie 
mixture is introduced into a retort, to which a feries of receivers, containing pure. 
diftilled-water, isto be adapted. che flighteft heat is fufficient to difengage itin. 
the {tate of gas. This gas paffes over into the receivers, combines with the water,, 
and faturates it. The quantity of gas which the water can abforb has not yet been 

accurately afcertained. In this ftate it is preferved in the fhops under the name.of 
cauftic volatile alkali, or /pirit of fal ammoniac with quickline. clei gierty 

b Dr. Prieftley, from his experiments, was led to infer that alkaline ¢ gan dete 
about one fourth of its weight of azotic gas. To Dr. Prieftley. we owe. alfo the. 
imterefting difcovery that metallic oxyds may be reduced in alkaline gas. In ex- 
poling ma/ficot, oxyd of lead; in contact with alkaline gas, to the aGion of a burn=; 
ing lens, the lead was always revived, and a refidue left of only pure azotic gas, 

Glafs of antimony was revived in the fame circumftances, baachataan was found 
impoflible to produce this effect in fimple hydrogen gas. 6 

Scales of iron were revived in alkaline gas, with the lofs of a fmall_ portion of 
their weight. 

During the revivification of red precipitate, oxyd of mercury, in alkaline gas, the 
Doctor particularly remarks that water was certainly gan See elehhys 
Experiments and Obfervations, Vol, Ul. ps 368,402. ‘ 

Van Marum feparated hydrogen gas from alkaline gas hy. means on po ceric 
fpatk. | See Defcription dune Gr and Machine Eleérique, Pp. b28 > . 

Scheele had obferved that volatile alkali was decompofed when added to. nitric 
acid and manganefe, or when muriat of ammoniac was diftilled with the oxyd. of 
that metal. He remarked, befides, that the volatile alkali was decompofed by the 
oxyds of gold, mercury, and fome other metals; and that during thefe decompo- 
fitions azotic gas was conftantly evolved. See Scheele on Air and Fire, Pp 33%us 
Scheele's Chemical Effays, p. 110. x 

_ Bergman attributed the phenomena of fulminating gold to the decompofition 
of ammoniac and the fudden evolution of azotic gas. 

-By confidering carefully thefe experiments and opinions, that pes dB “ahasath 
Berthollet was led to determine more accurately the true nature and the propor 
tion of the component parts of volatile alkali. 

He introduced 2 ounces of the dry nitrat of ammoniac into a {mall rotons, in 
conne@tion with a pneumatic apparatus, By expofing this falt to the heat. it was 
decompofed, nitrous gas in large quantity difengaged, and about 3 gros 65 grains 
of water were formed. As.the nitric acid.does wot contain any hydrogen, the vo- 
Jatile alkali, he concluded, Was the only fouree from which this fubflance could be 
derived. 

In adding oxygenated muriatic acid to ammioniac, Berthollet obferved that a 
very lively effervefcence took place. The elaftic fluid difengaged was pure azotic 
gas. In this experiment the oxygen of the oxygenated ‘muriatic acid combines 
with the hydrogen ofthe ammoniac ; while azote, the other component part of 
ammoniac, is difengaged. In proof of this explanation, it may be remarked, that 
if a fmall quantity of ammoniac be added, it will be wholly decompofed; but if a 
large quantity, muriat of ammoniac will be formed. Berthollet alfo found that 
the oxyd of copper diffolved in ammoniac was conftantly. revived by expofure to . 
heat. The azotic gas of the alkali was difengaged, while its hydrogen united \ with 
the A ded of the oxyd to form water. See Mem. del’ Acad. pour 1785, Pp. 316. 

Woulfe found that volatile alkali is wholly decompofed in Bea: muriat of 
ammoniac with nitric acid. See Fourn de Phy/. Nov. 1787. . 
Dr. Mi iinet difcovered Bier when ammoniacal gas 18 fade to ) pat into a gun 


. 
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barrel filled with bias of manganefe, and kept in a red heat, ‘that the volatile al- 
kali was decompofed, and that nitrous, inftead of ammoniacal gas, paffed out of 
; the tube. In this beautiful experiment, while one portion of the oxygen of the 
oxyd of manganefe unites with the azote ef the ammoniac to form nitric acid, 


_ another portion combines with the hydrogen to form water. 


Dr. Milner alfo obtained nitrous gas by pafling ammoniac-gas over calcined 
fulphat of iron. See Phil. Tranf. Vol. LX XIX. p. 300. 

Seguin, Vauquelin, and Sylvefter, repeated this experiment’; but, inftead of an 
iron, they ufed a percelain tube. A confiderable quantiry of nitrat of ; ammioniac, 
in the ftate of vapour, azotic gas, and water, were produced. See Anmul. de Chem. 
Tom. VI. p. 295. 

- Van Mons decompofed volatile alkali by adding a fmall quantity of this fub- 
tea to the vitrified oxyd of lead, and expofing them for fome days to a heat of 
about 40° of Redumur. The volatile alkali gradually difappeared; bue at the 


end of the experiment 6 grains of nitrat of ammoniac were formed., See Sourn. — 


de Phyf. 1790 Juin. 

-Fourcroy has made a variety of interefting experiments on the mutual action 
of metallic oxyds and ammoniac. A. part of the oxygen of the oxyd unites with’ 
_ the hydrogen of the ammoniac to form water; while the azote, difengaged under 
the gafeous form, occafions a flight effervefcence. This action was very evident 
--with the oxyds of manganefe, mercury, iron, and lead, but lefs fo with thofe of 
gine, antimony, bifmath, and cobalt. See Aanal. de Chem. Tom. iI. p. 219. 
© Chapral obferved that the oxyds of arfenic were reduced to the metallic tate 
by digeftion with ammoniac. During the difeagagement ef the azotic gas and 
the formation of water, the arfenic appears under the form of octahedral cryfals. 
See Chaptal’s Elements of Chemifiry, Vol. 1. p. 185. 

Morveau, in diftilliag 936 grains of nitrat of ammoniac, obtained 203 grains of 
water in addition to that which the falt originally contained. Much nitrous gas 
was evolved. It is needlefs to remark, that, in this experiment, the nitric acid 
and ammoniac were feverally decompofed. See Grundziige von Scherer, f. 264. 

A flight detonation with inflammation is produced by bringing oxygenated 

muriatic acid into contact with ammoniacal gas; azotic gas is difengaged, and 
* miuriat of ammoniac produced. See ourn. de Phyf. 1789 Mars. 
Such are the faéts by which the decompofirion of ammoniac has been eftablifh- 
‘ed, We fhall now mention a few to prove its fyrmation, The fime]l of this fub- 
flance had often been obferved by chemifts to arife from combinations ‘into which 
there was no reafon to believe it had entered as a component part. 

Pott found, that, in treating zinc in a particular manner with nitric acid, am. 
moniac was produced. 

Dr; Higgins relates, that, by moiftening filings of tin with moderately ftrong ni- 
tric acid, and afterwards adding to them a quantity of fixed alkali or lime, a confi- 


_ derable portion of volatile alkali was difengaged. In this experiment the nitric acid 


and water muft both have been decompofed. ‘The oxygen from these fubftances 
united with the metal to form an oxyd, while the azote of the nitric acid umited 


with the hydrogen of the water to form ammoniac. See Higgins’s Chemical Expe- 


 riments and Obfervations, 1786. 

‘Kirwan obferved that volatile alkali was formed by mixing fulphurated byeite 
gen gas with nitrous gas. 

But it is to Dr. Auftin we are indebted for t the firft accurate ahd decifive expe- 
siments on this fubje&, Into a cylindrical glals tube, filled with and inverted 
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over mercury, he introduced fide azotic gas, and afterwards baine iron flings: ; 
moiftened with diftilled water. The hydrogen gradually evolved from the water 
combined with the azotic gas, and formed volatile alkali. Dr.\Auftin remarks, 
that, in this experiment, the water feemed to be decompofed | more fpecdily’ than 
when iron and water were fimply mixed by themfelves. lie 
Volatile alkali was formed in a fhorter fpace of time when nitrous inftead of a- 
zotic gas was employed. The nitrous gas, gg Gok in this manner of its azote, 
Was converted into oxygen gas. ath pie 
This experiment fucceeded alfo in atmofpherical air, requiring, however, a 
longer period of time. Whenever iron rufts in conta with water in the open 
air or in the earth, Dr. Auftin conceives that volatile alkali muft neceffarily. ‘be | 
produced. ‘This remark will enable us to explain readily the occurrence — of vola~ | 
tile alkali in mineral waters, coal, &c, See Phil. Tranf. Vol. LX XVIII. p. 379+. 
Haufiman, in palling hitrous gas through a quantity of precipitate of iron, ‘ob- 
ferved that this gas was {peedily abforbed. “ During this procefs the colour of the 
iron was changed, and ammoniacal gas difengaged. See © Sourn, de re 1787 
SFuin. 
pire Milner obtained a fmall quantity of volatile alkali by heating a faturated 
folution of copper in diluted nitric acid, to which fome iron ee had pinto add- 
ed, See Phil. Tranf. Vol. LKXIX, , iid sl 
Morveau introduced a pound and a half of Malacca tin, with ave pounds feven 
drachms three grains of pure nitric acid, into a retort, the neck of which was fix- 
ed in are ceiver, furrounded with ice, and connected with a pneumatic apparatus. 
By fubjeqing this mixture to heat, a nitrat of ammoniac was formed, which con- 
tained 72,32 grains of volatile al See Nachtrige.von Scherer, f. 519. 
Dr. Auftin, Van Marum, and atictcehae tried, but in vain, to. produce = ame 
moniac by the direct combination of its component parts i in their claftic fate, art 
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> caeaagail Genus Ill. Acids. 


a. are diftinguithed by their four tafte, when diluted with 
water 3 they redden blue vegetable colours. Many acids exift in 
the gafeous form ; they unite with great rapidity to alkalis ; their 
ion on inflammable fubftances is much. ftronger than that of 
¢ laft mentioned falts, and moft commonly reduces them to 
; 1e {tate of bodies which have been burned. As inflammable 
matters, more efpecially metallic fubftances, are found to con- 
tain a large quantity of oxygen after having been fubjected to 
the action of acids, while the acids themfelvyes become convert- 
edi into combuttible bodies ; it may be concluded that this genus 
of falts is much lefs fimple than has hitherto been thought, and 
‘that they are in general compofed of inflammable matter, com- 
"ined with oxygen. 

_ Weare acquainted with ten {pecies of mineral sites very dif. 
ferent from each other : The phofphofie acid is likewife found 
‘in, this | kingdom, united to irom, to lead, and to lime. 

The carbonic acid, 
- The muriatic acid, 
_... The fluoric acid, 
‘The nitric acid, 
9 hike ; ‘ The fulphuric acid, 
| ‘The boracic acid, 
"The molybdi¢ acid, 
_ The tungftic acid, 
"The arfenic acid, and — 
The fuccinic acid. 
reiet fhall here treat of the fix ‘fit, which are in sean the 
‘known and moft abundant ; the four others fhall be treated 
of of elfewhere. iad 
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Species I. The Carbonic Acid. 

| We give the name of carbonic acid to a very abundant acid, 

_- which, being often found. in the aeriform ftate, was originally 
- called fixed air by the Englith, mephitic acid by Mr. Bewly, me- 

| ¢bitic gas by Macquer; gerial acid by Bergman, and cretacesus acid 
} ' Bb ij 
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by Bucquet?. We fhall prefently explain the featun and the uti- 
lity of the denomination we have adopted. at. 

This acid has not always been confidered as fuch. Its leading 
properties were perceived by Paracelfus, Van Helmont, Hales, 
&c.3; but it is to Black, Prieftley, Bewly, Bergman, and pine 
that we are indebted for the certain knowledge of its acidity. — 

The carbonic acid gas poffeffes all the more obvious qualities of 
air, and exifts in the atmofphere, of which it forms a fmall part *. 
Like air, it is invifible and elaftic ; 5 it cannot “be™ dittinguithed 
from this fluid when enclofed in a glafs veflel, or when it floats 
in the air. It is found difengaged and in a ftate of purity in fub- 
“terraneous cavities, as in the Grotto del Cane, &e. “Tt exifts in a 
ftate of combination in a great number of natural bodies, fuch 
as mineral waters, and feveral neutral falts®: Great quantities are 
‘produced in the fpirituous fermentation © 5 it is likewife produced 
in the procefies of refpiration, and of the combuftion of char 
coal; and laftly, all the parts of plants, more ‘elpecially” the 
leaves, continually emit it while in the fhades 7 

This acid, though claftic and tranfparent, differs greatly as 
air, even in its phyfical “properties ; its fpecific gravity is double 
that of air¢: Hence it may be poured, like other denfe fluids, 
from one yeerel to another 3 and for this réafon it flows out of 
the cock after a cafk of wine has been drawn off. ‘Its tafte is 
brifk, and fubacid ; animals which refpire it die inftantly; and 
all bodies in a ftate of combuftion are ‘extinguifhed by being 
plunged in this fluid. It colours the tinéture of turnfole with 
a clear red; which, however, *difappears by expofure to air, in 
proportion as the acid evaporates. It does not. alter the ‘colour 
of violets, becaufe its a€tion is too feeble to’ neve a fenfible- 
change in deep and fixed colours. © © ~ A ae: 

The force of affinity of this acid is in peel re) ee as it 
yields to every other acid: It fuffers no change by iii te 
light, or at leaft the change is too fmall to be nina 0 . 


* Mr. Lavoifier concludes, Siok his ingenious _ octeaiid shes sntistédg het ' 
air confifts of vital air, ane acid, and azotic gas, ufually in sat folowing pee 
portions ; ; 


Vital a; er ie ra is 3 mercy a 
Carbonic acid, Behe Meet ARNEL. is iS? cul ce 
- Agotic gas, 9 = mi Stk hee Ye ng OR ee 


| 1 \e ‘CARBONIC ACID, 391 


a 


'* 


ss 
a4 


elect dilates this fluid, without changing it in any other re. 


* fpee 


_-- It mixes with pure or vital air, but without haptics and 


forms a mixture which may be refpired for a certain time, pro- 
_wided the carbonic acid do not exceed the third part of the 
whole : It may be adminiftered in this manner as a remedy for 


diforders of the lungs. 


* It combines with water, though flowly. When thefe two 
~ fluids are agitated together, and their furfaces of contaé are by 


that means multiplied, they unite more readily, and form an aci« 


‘dulous liquor. Bergman calls this folution aerated water ; but 


- this name may be with equal propriety applied to water contain- 
“ing frue air, by way of diftinguifhing it from water which has 
‘been deprived of that fluid by ebullition. Water diffolves a 


‘greater quantity of carbonic acid the colder it is; but this folu- 


i: . tion is limited to a certain quantity: The coldeft water cannot 
__» abforb more than its own bulk of it *. 


Water charged with carbonic acid is fomewhat heavier than 
diftilled water; it {fparkles when agitated 5 its tafte is brifk and 


itucioloie's and it reddens the tin€ture of turnfole. It boils 


readily, and is decompofed by the heat, its acid efeaping in the 


form of an elaftic fluid. The contact of air produces the fame 
‘effect the more quickly, as its temperature is higher‘. It ig ne- 


ceflary, therefore, for the prefervation of this liquid, that it 


_ fhould be kept in a cool place, in well-clofed veflels, or under 
a ftrong compreflion. 


‘This acid folution is abundantly found in nature, where it 


_-conftitutes acidulous and gafeous waters, fuch as thofe of Pyr- 
-.* mont, Seltzer; &c. 


As this acidulated water is a remedy ptoper to be ufed in pu- 
trid diforders, both internally and externally, philofophers have 
contrived various apparatus for {peedily impregnating water with 
the whole quantity of carbonic acid it is capable of diffolving. A 
-procefs for acidulating water was firft publifhed by Dr. Prieftley 
in the year 1772. Dr: Nooth has invented a machine for’ pro- 
- ducing this effe€t, which has been fince fucceflively improved — 
i 

i Water fubjected to preffure takes up a larger quantity of this acid, in propor 
tion as the preflure is greater; hence it fhould feem, that the acid may exift in the 
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‘ 


-pores of water without lofing its claftic form. ‘T. 
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by Mr. Parker and Mr. Magellan, This is at prefent to be met : 


_ with in all philofophical laboratories. A good defcription’ and 
‘engraving may be feen i in.the fifth volume of Prieftley’s Experi- 
MENS e , ! oh ree as a Dba 

‘The cae rah does not o. on filiceous Bi It is well 
known that this earth does not cryftallize’ in. acidulated water, 
as was aflerted fome years ago. . | 7 sertrnlest 
. The carbonic acid unites ,»with alumine, sessuacead and. magne- 
fia,.ands forms feveral kinds ‘of neutral tats; which «we fhall. sol 
terwards examine. he ine vita ge is: 

uA. combination of. this acid shit i folution aa lime. in. water 
is pied attended with a phenomenon, which forms: a»crite- 
tion of the prefence. of this acid.. When it comes in contaé& 
swith the Jime-water, white,. clouds . are immediately produced, 
which increafe in bulk, and form. a, very, abundant, precipitate. 
“Thefe clouds -arife from! the, combination of. the carbonic acid 
with the lime, with which‘it forms chalk, or carbonat. of lime. 
‘This new falt, being fearcely at all. foluble in ‘pure. |water,, falls 
to the bottom: Lime-water is therefore a teft, for, diftinguifhing 
the nature and quantity of the acid we are treating , of. If an 
-additional quantity of the acid be added, after ‘the; precipitate. As 


formed, this excels will caufe it to difappear by, a, .fecond folu- 


tiods . Chalk. diffolyed. in. water, by a fuperabundance. of jthe 
carbonic acid, 1s precipitated by boiling, by expofure.to air, and, 
in a,word, by every procefs which can, take, away this excels. 
Hence it is that cauftic fixed alkalis and pure ammoniac,. pour- 
-ed-into,a folution of chalk by carbonic acid, prs als the: chalk 


by abforbing that excefs of acid. e ‘hp ev Metts 
Acidulatsd: water poured into lime-water produces exactly the 
fame effect. + phan riteoes soit SEE ey: 


The gathonic acid. combines ne widiel ri three alkalis. . 


If a {mall quantity of cauftic. fixed alkali, in a liquid) ftate,be 


put into a veflel full of this acid obtained from). Chalk, ‘or taken . 
-from)the furface of a vat of beer.in.a ftate of fermentation, and i 


the orifice of the. veflel be quickly clofed with a wetted bladder, 
ithe veflel being then moved in fuch a manner as ‘that: the. liquid 
alkali may. be {pread_oyer its internal furface,. the. bladder_ will 


-be obferved to be prefied inwards, the abforption.of the carbo- 


nic acid by, the alkali caufing a vacuum within the /veffel.. . This 
combination is attended with heat; andthe fides of the sai 
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are in.a fhort time covered with cryftals, which become larger 
and larger. We call this falt carbonat of pota/h, or of foda, 
according to the nature of the alkali which has been ufed. 
‘Thefe two falts, which are truly neutral, were formerly called 
by the names of falt of tartar, and falt of foda: We fhall heen 
of their properties in the next chapter. » 

‘The conta&t of ammoniacal gas, and the aeriform sealiai 
acid: in. clofed veffels, likewife produces an inftantaneous vacuum ; 
 -it-is attended with heat, and forms a thick white cloud, which 
‘becomes adherent to the glafs, either in the form of cryftals, or 
of an incruftation.. It is a true imperfec& neutral falt, which we 


_ -fhall:diftinguith by-the name of carbonat of ammoniac, and which 


was formerly called concrete volatile alkali, Englith falt, &c. 
«~The carbonic acid adheres to thefe bafes with different degrees. 
of force. According to Bergman, its affinity with barytes is the 
 ftrongeft: after which follow in fucceflion, lime, potafh, foda, 
-.magnefia,.and ammoniac. ‘The phenomena on which Bergman 
has eftablithed this gradation of affinity will be feen when we 
{peak of neutral falts®. 
»The,nature, and compofition of the carbonic acid have for 
-fome -years paft engaged the attention of chemifts. Prieftley, 
a _Cayendith; Bergman, and Scheele, appear to be of Opinion that 
itis formed, by the combination of pure air and phlogifton ; but 
«as the exiftence of this laft_ mentioned principle has been juftly 
doubted by many celebrated French chemi{ts, we cannot think 
& that this theory ought to, be admitted, or can folve all the objec- 
__.tions that,can be made to it. I formerly thought that the car- 
aha acid might be a compound of inflammable gas and pure 
_air;, but the;difcovery of the nature and decompofition of wa- 
ter has thown the improbability of this hypothefis, and Lavoifier 
has fubfticuted a demonftrated truth in its. ftead &. 
... This. chemift, to whom.the: fciences are indebted for the vatt 
“number, of ingenious and accurate experiments he has made, 
burned a determinate quantity of charcoal, in glafs veficls filled 
4 with, vital air, over. mercury. The charcoal was deprived of all 
_ «its hydrogenous gas, by a previous calcination. in clofe veilels, «as 
_ .heshad/ obferved, that, without this precaution drops of water 
. _were,obtained, by which the accuracy of the. refults: was af. 
» febted.' ‘The combuftion: began by. the help of a quarter,of.a 
. (grain, of. fungus placed,om the charcoal, in, contact witha. very 
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fmall particle of phofphorus: a bent wire, whofe end was’ heat. 
ed red, being paffed through the mercury, ferved’ to fet the 
phofphorus on fire; this communicated to the fungus, and the 
latter to the charcoal. ‘The inflammation was. very rapid, and 
‘attended with much light. The whole apparatus ‘being cold, 
Lavoifier introduced cauftic. fixed alkali in the fluid ftate, which 
abforbed the acid formed during this combuftion, and left a 
portion of vital air as pure as at the beginning of the. ‘expe= 
riment. | "This chemift thinks, that in the prefent operation the 
oxygenous principle, whofe combination with caloric forms vital 
air, combines with the carbon, and produces the carbonic acid, 
while the other principle is difengaged under the form of heat 
and light. Some afhes remained, and the quantity of acid form- 
ed, exceeded the weight of the vital air made ufe of, by a quan- 
tity equal to the lofs fuftained by the charcoal. Kiar many ex- 
periments ‘of the fame nature, made in various circumftances, 
Lavoifier concludes, that a centenary of catbonic! serine fo term- 


pure dithitk and feventp-two sits of oxygen. 
The refpiration of animals, in his opinion, ssteciapedl Bion | 
the blood a true carbonaceous matter, which combining with the 
oxygen of the atmofphere, forms the carbonic acid conftantly 
produced during this procefs; and that the combination of the 
carbon of fugar, with the oxygen of water, is the caufe of the © 
production of the carbonic acid in the vinous fermentation. 
Several philofophers have obferved, that this acid, in its elaftic 
ftate, poffefles the property of preferving animal fubftances, by 
retarding putrefaction, and even diminifhing its effe@ts after it has 
- commenced. Hence it was, that M‘Bride fuppofed that it unites 
with the putrid fubftance, and reftores the acid it had loft during 
the time of putrefaétion. This laft phenomenon, according to his. 
doétrine, arifes from the natural decompofition of organic bodies, 
and the diflipatiom of the carbonic acid, which he calls fixed air : 
for which reafon he fuppofed that the application of this acid 
was’ indifpenfably neceffary to compenfate the lofs fuftained in — 
the animal economy, and to reftore the fluids to their former 
‘ftate, when changed by heat and motion. He admits the exift- 
ence of this acid in freth vegetables, efpecially fuch as are fuf- 
ceptible of fermentation, as the decoétion of barley, which has 
been fuffered to germinate, or the infufion of raifins, &c. all 
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which he thinks ate sqealy ferviceable in feptic or feeb iit dif. 
orders. 

- Water sisiadwieen with carbonic acid, has likewite, in feve- 
ral cafes, been fuccefsfully prefcribed in putrid, bilious fevers. 
It is faid that the Englifh ufe the carbonic acid, mixed with com- 
mon air, in diforders of the lungs. 

‘It has been ftrongly recommended as a lithontriptic, or folvent 
of the ftone in the bladder; but we are not in poffeflion of any 
authenticated faéts in proof of its efficacy in France. Befides 
which, this effet is contrary to- the difcoveries of Scheele and 
Bergman upon the ftone of the bladder, as we fhall elfewhere 

_ obferve. | 

‘The public prints contain accounts of feveral inftances of the 
cure of the cancer made in England by the application of the 
carbonic acid. We can neverthelefs affert, that this means has 
been ufed by ourfelves and others, without fuccefs, feveral times. 
After the firft application, the cancerous ulcer exhibits a more 
favourable appearance ; the fanies, which commonly flows, be- 

- comes white, confiftent, and laudable; the fleth affumes a lively 

- colour: but thefe flattering appearances do not continue; the 

ulcer foon returns to its former ftate, and pafles through the 

~ufual changes with unabated violence. It is to the firft difcovery 

of this acid by Dr. Black that we muft fix one of the moft. bril- 

liant epochas of chemiftry. To determine the influence of this 

, - difcovery on the fcience, we fhall here offer the following re- 
marks : : si 

Firft, Wt has added one to the number of acids. Secondly, Tt 
thas fhown the caufe of the effervefcence which mild alkalis, 
chalk, calcareous fpar, and magnefia, produce with {tronger acids 
than itfelf.. Thirdly, It has caufed a diftin@tion to be made of 
all alkaline matters into two ftates, the ftate of purity or caufti- 

city, and the mild ftate, having the property of etfervefcence. 
Fourthly, It has greatly enlightened the hiftory of the elective 
attractions of acids for ammoniac and lime. Fifth/y, It exhibits - 
. the firft inftance of an acid which prefers lime to fixed alkalis. 
Sixthly, The-hiftory of mephitic caverns, in which animals a 

not live, is become very clear and fimple, in confequence of this 
__ difcovery.  Seventhly, The analyfis-of waters has been rendered - 
more perfect from the accurate knowledge of fuch as are called 
er siess, {pirituous, acidulous, and in confequence of that know- 
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edge we have fucceeded in’perfe@ly imitating ¢ them. Highthly, 
It has thrown great light on the folution of i iron in many waters, 
_and on the means of procuring. martial waters entirely fimilar to 
thofe in nature. Nizth/y, It has. exhibited a clafs. of neutral, 
earthy, alkaline, and metallic falts, in which the carbonic acid 
is a principal part; and which are diftinguifhed in this. work 
by the generic name of carbonats... Laftly, It has,opened-a new — 
field to the refearches.of chemifts and natural philofophers, and : 
has excited that ardour to which we are indebted for. all the bril-. 
lant difcoveries made fince that period. The name. of Black will — 
ever be memorable in the annals of chemiftry, and riper ce 
as long as the {cience itfelf. d 

. As to the produGtion of this acid by the. electric fark i in pital 
air, it muft be obferved, ‘that in the experiments. of, Mr. Landri- 
ano, the iron, which ferved as a conductor to the eleétric fluid, is 
the caufe of this phenomenon by virtue of the plumbago, carbure 
of iron, it contained, and the {mall quantity of acid produced is an 
additional proof that this explication is;well founded. There are, 
doubtlefs,. many cafes in which. the carbonie acid. is decompofed 
and.refolved into its principles like the other acids *. .' Thus it is, 
for example, that water, charged with. this acid, is much better 
adapted for the produétion of vital air, by., means, of leaves ex- 
_pofed to,the rays.of the fun; becaufe the vegetable organization 
_abferbs the carbonaceous, principle, while the light, aQting like 
heat, contributes to the feparation of the oxygen’ inthe:-form of 
vital air’. It is {till more remarkable, that certain oxyds. -of iron, 
diftilled 1 in the pneumatic apparatus, afford’ only, the carbonic acid 
in pafling to the: flate. of ;zethiops or, black. oxyd .of. iron. |) This 
depends on the carbon or the, plumbago which many fpecies.iof 
iron contain. . ‘The carbon abforbs ..a, portion, of the oxygen of _ 
_the iron, with which it forms the acid that ds difengageds'« /Thefe . 
newly difcovered facts. will. be. more folly Sealant toms of 


the following chapters. of, this work... , ‘tmagy oadiak, dubia’ - 
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Species a “The Muriatic Tee 
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The fluid called by the name of marine acid* “oad of ‘seit , 
liquid muriatic acid, in our laboratories,’ has’ a tafte fufficiently 
{trong to' corrode our organs when ‘concentrated,and when much 
diluted impreffes a fenalerton of nyt and passer It is a 
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— Yutely colourlefs when | pure. When it is of 2 ted or orange CO-. 
_ lour, as moft of the muriatic acid of the fhops is, it is owing 
_ to certain combuftible bodies, moft frequently iron. This acid is’ 
a obtained from marine falt or muriat of foda, as we fhall fee in’ 
the hiftory of that fubftance. If it be ftrong and concentrated, 
it emits a white vapour or fume. When expofed to the air, it’ 
has a lively and pénetrating fmell, which, when diluted or faint, 
referribles that of citron, or the apple called golden rennet : it” 
is then called the faming muriatic acid. The fumes are much’ 
more vifible when the air is moift. -If a bottle containing this’ 
_ acid be opened, and the hand brought near its orifice, a fen- 
_ fible heat is perceived, which arifés from the combination’ of the 
 acid’vapour with the* water in the atmofphere. Miutiatic acid’ 
_ ftrongly reddens the fyrup of violets, and all blue colours of ve~ 
_ getables, but does not deftroy them. This liquid, however con- 
centrated and fmoking, does not confift of the pure difengaged 
_ muriatie acid, but contains that acid united to much water. Dr. 
_ Prieftley has eftablithed the truth of this, by teaching us how to he 
_ obtain the acid in the permanent form of gas over mercury, at 
_ the preffure and temperature of the atmofphere: we muft there- 
fore attend to the properties of this gas, which in fad is the 
muriatic acid unmixed, and in a ftate of perfe& purity. 
The muriatic acid gas is obtained by heating the fuming mu~ 
 riatic acid in a retort, whofe neck is plunged beneath the orifice 
of a veffel filled with mercury. This gas, which is much more 
F volatile than water, paffes into the veffel. It has the ufual pro~ 
perties of common air, but is heavier. Its fmell is penetrating, 
and it is fo cauftic, as to inflame the fkin; it fuffocates animals, 
| extinguithes the flame of a taper, firft enlarging it by the addi- 
tion of a green or bluith circumambient flame.’ It‘ is ci tastpiny 
by ie bodies. 
ight does not feem to produce any fenfible change in it; it 
is. rarefied, and its elafticity is prodigioutly ugtiented by heat. 
Atmofpheric air, mixed with muriatic acid gas, included in glafs 
+ veffels, produces fumes or vapours attended with a flight degree 
of heat; a proof that combination takes place. The more hu- 
mid the air, the denfer thefe vapours appear; and for that rea- 
; fon they are not at all feen at the fummits of lofty mountains, 
| where the air is very dry, according to the obfervation of M. 
— @Arcet ; the white vapours, which are exhaled from liquid mus 
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riatic acid, are therefore aconfequence of the water contained » 
in the atmofphere. This liquid acid, as well as its gas, does not: 
abforb vital air when in the elaftic ftate, though there are me- 
thods of combining them with oxygen, as we hall fhow here= 
after. -It is afferted, that, by ftrongly agitating the liquid mu- 
riatic acid with vital air, a portion of the latter is abforbed ®. _ 
Muriatic acid gas eagerly unites with water. Ice abforbs it 
very quickly, being inftantly melted. Water is ftrongly heated 
during its union with this £85 when faturated, it perfectly re- 
- fembles the liquid acid from which the gas was obtained by heat. 
It emits white vapours, is colourlefs,.reddens fyrup of violets, 
&c. We fhall hereafter fee that this elaftic fluid, received in 
pure water, produces the pureft and moft concentrated liquid 
muriatic acid °. 

Muriatic acid gas has no. action on filiceous earth ; it i abel 
with alumine, forming muriat of alumine. < 

It unites with the falino-terreftrial fubftances, with which it 
forms barytic, magnefian, and calcareous muriats. 

Its combination with potafh produces the febrifuge falt. of Syl 

wills, or muriat of potafh ; with the mineral alkali of foda, it 
forms marine or common falt, or muriat of foda. . 

Muriatic acid gas, in conta with ammoniacal ; Gas, in veflels 
over mercury, becomes much heated; the fluids mutually pene- 
trate each other, and a white cloud is immediately formed; the 
mercury rifes in the veflels, and: their internal furfaces..are co 
vered over with ramified cryftals of {al-ammoniac, or muriat of. 
ammoniac. If the two gafes.are very pure, they completely dif- 
appear when they aflume the concrete form, and.the difengage- 
ment of heat -has taken place¢. ‘This experiment is one. of thofe 
which prove, 1, That all bodies, which. pafs from the liquid to. 
the elaftic ftate, abforb at the fame time a certain quantity of the. 
matter of heat or caloric; for the muriatic acid does not become 
gas without heat. 2d, That elaftic fluids, i in their tranfition ‘to. 
the liquid or folid ftate, give out the heat they took up in their 
aerification. 3d, That the claftic flate depends on this. abforbed’ : 
and combined heat ; and that all.acriform fluids. are compounds: 
to which the fixed heat, or caloric, gives this Se as. we a 
already explained eliewhefe.¢. ’ .- } ae : 

The muriatic acid abforbs the carbonic. ie 4 ne 3, id ace 
tion of thefe two bodies has not yet been properly examined ; ; it 
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is known,. that the. carbonic. acid is lefs. powerful than the mu- 
‘riatic, and is difengaged from. all bafes by this laft. As to the 
different, degrees of attraction for the various alkaline ales, 
Bergman lays them down in the following order: Barytes, pot- 
ath, foda, lime, magnefia, ammoniac, alumine. 
The intimate nature of the muriatic acid, or the principles 
which enter into its compofition, are not yet known. Beccher 
thought it to be formed of the fulphuric ‘acid, united to. mercu- 
rial earth, becaufe he obferved that this acid has a ftrong affinity 
to all fuch bodies as he fuppofed to contain that principle, fuch 
as arfenic, mercury, &c. Stahl made no addition by way of 
explaining this opinion of Beccher. And among the numerous 
F and ingenious experiments. of the. moderns, there are not any 
_ which throw much light on this fubjeé&t. As its acidifiable bafe 
is unknown, it cannot be determined whether two ftates exift 
with refpect to the faturation of this bafe by oxygen: the firft 
_ in which the bafe would be faturated, and the acid the ftrongeft ; 
the fecond in which there fhould not be the fame quantity of 
oxygen, and the acid fhould be weaker, as we have obferved 
with refpect to the fulphuric and fulphureous, the nitric and the 
nitrous acids. The prefence of oxygen has not even been de- 
monftrated in the muriatic acid; and it is only by the force of 
analogy that we are led to admit its exiftence in this acid . 
. Scheele is the only chemift who has made any difcovery of impor- 
tance refpeCting the different {tates in which this acid exifts : this 
philofopher (in 1774) having diftilled muriatic acid from the oxyd 
of manganefe, obtained the acid in the form of a yellowifh gas, of 
a very penetrating {mell, and capable of diffolving all metals with 
great facility, not excepting mercury and gold, He thinks that 
;n this operation the manganefe, which he takes to be very greedy 
of phlogifton, feizes that of the muriatic acid; ‘for which reafon 
he calls the elaftic fluid, dephlogifficated marine acid, and fuppofes 
it to diflolve gold, in confequence of its ftrong affinity to phlo- 
gifton. There is, however, no direct experiment which fhows 
the prefence of the inflammable principle i in this acid; and in © 
the year 1780, I fufpeéted that the vital air of the manganefe is 
united to the muriatic acid, as may be feen in the articles Aqua 
Regia, Manganefe, &c. in the firft edition of thefe elements, Ber- 
thollet has proved the truth of this, by a very accurate and inge- 
nious ferics of experiments. 
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“ithe muriatic acid, poured on the oxyd of manganefe; affords — 
yellow vapours before the application of heat. If the retort be — 
heated, and the vapours received in veffels containing water sli : 
ged i in ice, a very {mall quantity is diffolved, and the water is 
very foon faturated ;*the gas which continues to be produced ' 
takes a' concrete form, and falls to the bottom of the liquid in 
cryftals. The water, in this experiment, muft be cooled. almoft* 
to freezing, becaufe the flighteft heat diffolves this concrete falt,. 
and occafions it ‘to efcape in the form of bubbles. 1) 4 
The oxygenated muriatic acid, in a liquid form, or diffol- 
ved in water, has, according to Berthollet, an auftere, but. not -_ 
acid tafte. It deftroys the colours of vegetables, and. renders” 
them white, without firft caufing them to become red. It does _ 
not difengage the carbonic acid from its bafes, and confequently: r 
caufes no effervefcence when applied to them : in a Big it. thas’. 
no acid properties. | 4 04 Aegan . 
The oxygenated muriatic acid effervefces when. heated sash 
quick lime, vital air being difengaged. . The refidue is calcareous’ 
muriat, which depends on the difengagement. of" the gas of the’ 
oxygen, which faturated the acid. ‘The oxygenated: muriatic’ 
acid produces an effervefcence in its combination with cauftic’ 
ammoniac; but water and azotic gas are the refult of this com= 
bination. In this experiment the oxygenated acid’ and the am- 
moniac are both decompofed ; ; the hydrogen, which is’ one of the 
principles of the ammoniac, unites with the fupetabundant Oxy~ 
gen of the muriatic acid and forms water ; while the azote, the o- 
ther principle of the ammoniac, uniting with caloric, is feparated 
under an elaftic form, and produces the effervefcence’ which ‘is 
obferved in this experiment. In fhort, the oxygenated muriatic 
acid converts metals into oxyds, aiid diffolves them: without ef 
fervefcence : in deftroying vegetable colours, it paffes to ‘the flate . 
of common muriatic acid. All thefe experiments prove,’ that the 
dephlogifticated marine acid of Scheele is a combination of this pure 
acid with vital air or oxygen, and may, with greater’ propriety, ‘be 
called’ aerated or’ “oxygenated. muriatic acid, as T° propoted 3 in the 
Firft edition” of thefe Elements. © Berthollet has not. ‘yets deters 
mined ‘the quantity- of ¢ oxygen abforbed by the muriatic: “acid “in| 
thefe oo, > in 1 order to. ae to x the Bagi we' ia 
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mehtioried. “He has difcovered, fince his firft effay, that the 


oxygenated muriatic gas, received in a folution of carbonat of 


 potath, forms a neutral cryftallizable falt; which detonates upon 


~ charcoal like nitre, and even more ftrongly, which affords very 


pure vital air, or oxygenous gas, by the action of fire, and leaves 
after thefe two effays the muriat of potafh: Thefe experiments 
prove more and more the theory which I firft explained nine 
years ago, of the nature of the oxygenated muriatic acid; fince 


_ the detonation of the oxygenated muriat of potath is manifeftly 


owing to the fuperabundant oxygen: Soda forms only a deéli- 
quefcent {alt with the oxygenated muriatic acid &. 

‘The muriatic acid is employed in the arts; and more efpecially 
in the art of affaying in the humid way +. In medicine it is ad- 
miniftered, in a very diluted ftate, as a diuretic and antifeptic ; 


' and it is the chief ingredient in the remedy of the Prior de Cha- 


brieres for ruptures. It is externally ufed as an efcharotic ; and 
likewife in garnigrenes of the throat, aphthe,; &c. Mixed with a 


certain quantity of water; it con{titutes a bath for the feet; which 


is a great fecret with fome practitioners, and is ufed for the pur- 
pofe of removing the feat of the gout a the noblet to the in- 


_ ferior parts. 


_ The oxygenated miuriati¢ acid has not been known a fufficient 


_ time to apply it to any ufe.  Berthollet thinks that it may be 


ufed for the purpofe of difcovering, in a few minutes or hours, 


the effeéts which expofure to air will produce on certain dyed 


ftuffs ; and that their durability may by that means be afcertain- 
ed. He has lately propofed it to be ufed in bleaching cloths and 
thread ; and the firft trials made at Paris, on a feale of confi- 


-derable magnitude, promifed to be fuccefsful. It may likewife 
_ be ufed for fpeedily bleaching yellow wax; and particularly the 


green wax of our iflands *: 


Species III. The Fluoric Acid. 


The fluorie acid, difcovered by Scheele, received its name 


| from a kind of neutral falt, called fluor fpar, from which i it ig 
obtained +. ; 


t 
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This acid, in a ftate of purity, has the form of gas ; in which 
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{bate, Merehabe, we fhall examine its properties. It is heavier: 
than air, extinguifhes fire; and deftroys animal life; has a pene-: 
trating fmell, fimilar to that of muriatic acid gas, but. ras 
powerful; and its caufticity is fuch, that it corrodes the {kin in 
a fhort time; light does not fenfibly alter it; and anak pinay 
it, without producing any other change. > O° Ga ieee 
- The addition of atmofpherical air has the fame effet on white 
as on the’ muriatic acid, producing a white vapour, which is more” 
or lefs abundant, in proportion to the humidity of the atmofphere. 
The fiworic acid gas unites to water very rapidly, and with’ 
heat; a peculiar phenomenon ‘attends their combination, when 
the acid has been extracted in glafs veflels, namely, the precipi- 
tation of a very fine white earth, of a filiceous nature + It there-. 
fore feems that this acid, in the ftate hitherto defetibed, is very’ 
far from being pure.) For this reafon, I am inclined to- think 
that.it can only be had pure, in depriving it, by means of water, 
of the earth it took up during its volatilization. This gas, dif 
folved int water, forms the liquid fluoric acid, whofe fmell and 
caufticity are very powerful when the water is faturated. — This: 
liquid acid fttongly reddengs fyrup of violets. It poffeffes the fin- 
gular property of iibdlniy and diflolving filiceous earth, accord- 
ing to Scheele and Bergman, ‘Though: tbe fluoric acid gas, in its 
union with water, depofits a great quantity of filiceous earth, it 
till retains a fomewhat confiderable portion, which is: Lie 
ted by alkalis >. BAD ad 
- Dr. Prieftley obferved that fluorie acid gas peer and pene- 
trates glafs ; which circumftance obliged him to make ufe of 
very thick glafs in his experiments. Macquer thought’ that this 
acid does not produce this effeét but in its ftate of gas; and that 
im its liquid fate, or when combined with water, it ceafes’ to 
poffefs that property : His opinion is founded on’ the confideras 
‘tion, that water precipitates the filiceous earth, which is held in 
folution by the fluoriec gas. But as water does not entirely fepa- 
rate it, we fee that the liquid fluoric acid can ne: on the earthy 
part of glafs, and upon filiceous ftones. . . it iy ‘Poa 
The liquid fluoric acid may be decompofed it in hile aes 
ner as {pirit of falt, by heating it in a retort,. whofe neck is plun- 
ged under the orifice of a veffel filled with mercury. The fluoric 
acid gas is obtained, and the water remains pure. © 9 = * 
The two French chemitts, who, under the name of Boulanger, 
publifhed, in the year 1773, a feries of experiments on the fluor’ 
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} _ SPvitteous fpar, are of opinion, that this acid is nothing elfe bue 
4 the muriatic acid, combined with an earthy fubftance, feparable 
_ énly by water. But Scheele has unan{werably confuted this opi- 
_ hion, and confiders it as a peculiar acid, fufficiently diftinguithed 
. _ from all others by its combinations. This laft opinion is almoft 
~ univerfally received ©. 
4 " The fluoric is the only mineral acid which poffeffes the pro- 
_ perty of diffolving filiceous earths. In the year 1779, Bergman 
_ and Scheele thought that this earth might be a compound of the 
 fluoric acid and water, becaufe of the confiderable quantity of 
flex depofited when this acid gas comes in contaé&t with water; 
but the experiments of Meyer prove that the filiceous earth 
is obtained from the glafs veffels which are corroded. This che- 
_mift took three cylindrical veffels of tin, in each of which he put 
an ounce of vitreous fpar, with three ounces of fulphuric acid, 
which, having a ftronger affinity with lime than the fluoric acid, 
_ is fuccefsfully employed in procuring the latter. To one of thefe 
_ mixtures he added an ounce of quartz, in powder ; to the fecond, 
an ounce of glafs, in powder ; and the third was left without ad- 
dition. In each of thefe cylinders he fufpended a moiftened 
_ fponge, and expofed the clofed veffels to a gentle heat; Half an 
hour after, he found a filiceous powder depofited on the fponge, 
included ovet the mixture containing powdered glafs. ‘Twelve 
4 hours after, the mixture containing quartz likewife exhibited a 
- filiceous incruftation on its fponge; but the mixture, which 
P contained neither quartz nor glafs, prefented no appearance. 
 6f any depofition, even at the end of feveral days. Bergman. 
4 himfelf forwarded an account of this experiment to Morveau, 
3 informing him at the fame time, that he renounced his former 
_ opinion refpecting the formation of filiceous earth by the union 
; ‘of fluoric acid gas and water. The precipitation, therefore, de-_ 
pends on the filiceous earth diffolved in the fluoric acid gas; and 
thé acid is not in a ftate of purity till the earth has been preci~ 
| ei by water and the alkalis. | 

The fluoric acid and its gas unite with clay, and form a {weetith 
 -Reutral falt, alwminous fluat *, which eafily takes the confiftence of 
a thick jelly. . 


Aly 


ah ok According to the methodical nomenclature we have propofed, the term 
a Saws fhould have been ufed, but we have abridged it, as we fhall the neutral 

nbinations of the fulphuric acid, which are termed fi/phats, inflead of fudpburate. —— 
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It combines with barytes: ‘The falt refulting from this contbi- 
nation, Which we diftinguifh by the name of barytic fluat, is of 
a.pulverulent form. cy, of RAR 

The fluoric acid forms a cryftallizable re with magnet, mage 
nefian fluat. a ) S wihig ee 
It precipitates lime-water, forming Pap linear caleareous 
fluat. fal? 

It likewife combines mite potath, and heer vert flat 66 shell 
ath. ‘With foda it forms fluat of foda. Laftly, With ammoniac 
it forms a falty which we diltinguifh by the name of aisha: 
fluat?. ts Soh dese eit 

The foregoing: fhort account of thefe-faline comiiisaliaaha prove: 
that the fuoric acid differs greatly from the muriatic acid; and this ‘ 
proof is ftill further confitmed by the order of its affinities with the _ 
feveral bafes. Bergman obferves, that the fluoric acid united to — 
potath is feparated by lime-water ; from the folution, fluat of lime is. 
{een to precipitate. ‘The fame appearance is obferved when lime-. 
water is added to the folution of fluat of barytes. ’ This philofo- 
pher arranges its aflinities in the following order : Lime, barytes,. 
magnefia, potafh, foda, ammoniac; but he obferves that a great~ 
er number of experiments are required to ere the. pets de- 
gree of accuracy to this arrangement. | . Bengt 

The fluoric acid has not yet been applied to any ufe ; cies 
property of diffolving filiceous earth will probably render it of 
great ufe in the arts and chemical operations. M. de Puymau-, 
rin has already employed it with fuccefs.in engraving upon glafs ; 
and has created a new art, which may one vay Ragone highly. 
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Species IV, Nitric Acid. 


The fluid “sled fpirit of nitre in. chemical Labapaaoietl is a 
combination of this acid with water. This: liquid acid, when. ; 
very pure, is white 5 but a very {mall. change caufes it to heconan . 
yellow or red, and to exhale fumes of the fame colour in: great 
abundance: lis caufticity is fuch, that it immediately burns and | 
deftroys the organization of the fkin and mufcles: It resides . 
and entirely deftroys the colour of fyrup of, violets. "s » yap tqugiat 

Expofed to the rays of the fun, it becomes of a hecoat eae 
and more volatile, according to Scheele, which fhows that it is 
acted upon by light. This coloration is accompanied with a dif 
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engagement of vital air. Heat volatilizes the acid of nitre, and 
. feparates the coloured part in the form of red vapours °¢. 
» <The red acid unites with great violence to water, which bé- 
‘comes at firft green, and afterwards blue 4. Much heat is given 
‘out in this combination. When united to a tonldevable quan- 
fie of water, it is called aquafortis ¢. | 
The white and red acids of nitre were formerly” cnfidered a6 
one and the fame acid, differing only in the degree of ¢oncentra- 
tion; and that which had the moft colour was confidered as the 
moft concentrated: But the nature of this faline fubftance being 
at prefent much better underftood, it is admitted that it may exift | 
in two different ftates. In the one, the acid of nitre is colour- 
“defs, more ponderous, lefs volatile, and emits only a white fume ; 
‘inthe other, it is tinged from yellow to a brown red, being lizht- 
er, more volatile, and continually emitting red vapours, more or 
lefs abundant, accordingly as its teniperature is higher. “Berg- 
»man diftinguifhes thefe two {tates of the acid of nitre by the 
names of dephlogifticated and phlogitticated nitrous acid. We 
-call the white or colourlefs acid the »itvic acid, and that which 
as coloured we call the nitrous acid... We {hall hereafter explain 
the caufe of thefe differences. It will be fufficient in‘ this place 
to obférve, that if the coloured and fuming nitrous acid be di- 
ftilled in a glafs retort, the red part comes over firft in vapours, 
and the acid which remains in the retort becomes white and co- 
Jourlefs. “The deeper the colour of the nitrous: acid, the! larger 
will be the quantity of vapours, and the lefs the quantity of clear 
acid remaining in the retort; and, on the contrary, if a nitrous 
acid, of a pale red, be fubmitted to the fame procefé, the quan- 
tity of vapour is very inconfiderable, and the clear acid’ which 
femains is in much greater quantity than in the fornver cafe. 
This experiment proves that the deep coloured acid is more yo- 
Jatile than the paler fort ; and that as ail coloured fpirit of nitre 
is compofed of thefe two acids in different proportions, they may 
be obtained feparate by diftillation. In this operation, a certain 
quantity of vital air is always difengaged, which’ may be collect- 
ed by adapting a pneumatic apparatus to the receiver. it muft 
be obferved, that the red heat of the veflels feparates forme red 
vapours from the paleft nitric acid, and changes the colour of 
the acid itfelf, which becomes reddifh. But this change ‘produ- 
«ed by mere heat difappears when the acid grows cold, and the 
Ce ij 
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vapour which had arifen is again diffolved in the liquoresithe’ 
fame thing happens when water is added to highly. coloured »ni- 
trous-acid : The heat which is produced difengages the red jacid 
into the atmofphere, and the portion of this weakened acid which 
remains in the veffel is wholly nitric, acid... When heat, aflifted 


by light, produces this changeiin the nitric acid, ‘there isia dif _ 


engagemient of a certain quantity of vital air or oxygenous igas, 


proportioned to the nitrous gas which is formed.  It»is in confe-_ 


quence of the attra€tion which exifts between light, caloric, saad 
oxygen, that this decompofition of the nitric acid, and its change 
inte nitrous acid, take place, The noe of the redahoat of our 
vellels imitates thatiof the folar rays.) settle owtneart. 


Nitric acid has no action on filiceous PENS It unites with 


alumine, barytes, magnefia, lime, and the ithree. alkalis,“ ‘with 
which it forms the nitrats of thefe fubftances. .«Thefe - falts; thall 
all be examined afterwards. The falts formed» by »the union of 


the fame bafes with nitrous acid differ a little from the former, A 


and in our methodical nomenclature are termed: nitrites, Prey sa 

The nitric acid unites with the carbonic acid) -whichvit abforbs 
ina confiderable proportion. The mutual action: ne thefe on 
bodies.is not well known. 

The nitric acid combines very readily with sia muriatic sesh, 
‘The alchemifts gave the name of agua regia to this compound, 
becaufe they ufed it to diffolve gold, the king of the metals. «In 
‘future we fhall call it nitro-muriatic acid. » It muft always have 


appeared fingular that two acids, neither of which:fingly has any 


ei on gold, fhould become capable of diffolving: it when/uni- 
| _ The alchemitfts, happy i in having diftovered a; folvent. ‘for 

Pi precious metal, did not trouble themfelves: tt the ccaufe 
of the phenomenon. It -is: but. a few: years) fince two. Swedith 
chemifts, Scheele and Bergman, attempted to:difcover the change 
which the admixture of thefe two acids produces in each. Scheele, 


as we have already obferved; perceived that the yellow vapour pro. 3 


duced when the muriatic acid is diftilled fromthe calx or oxyd® 

_ manganefe has:the fame! fmell as aqua regia’; ithattit deftroys the 
blue colours of vegetables ; and that its action; onsmetalsvis ‘very 

ftrong, efpecially on gold, which it perfe@ly difiplvesy like) the 

nitro-muriatic acid.» He thinks: that thefel sew! properties \arife 

from its being deprived of phlogifton by the!oxyd df manganefe, 

and that confequently it has a flrong tendency toxfeize that: prin-, 
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ciple from other bodies, and therefore; a€ts. powerfully, on com= 
buftible, bodies. . From thefe facts. and {uppofitions he gave 
it. the name of deph/ogi ifiicated marine acid, We mult here ab- 


_ ferve this. explanation is abfolutely. contrary, to. the theory, of 


Stahl, which Scheele appears. to have adopted, fince the. muri- 
atic acid, by the lofs of its phlogifton, acquires new. propertics, 
which that great man attributed to the prefence of the inflam; 
mable principle, fuch as volatility, a {trong odour, and a,power 
of acting on combuttible bodies. ‘We apprehend, moreover, that 
all thefe. phenomena are much more naturally explained by. the 
new theory, as we fhall prefently thow,. 

Bergman thinks that the. nitric acid, feizes. the Siaailton, of 
the mutiatic acid, and becomes partly diflipated in the form. of 
vapour, and that the marine acid is. converted into the fame, {kate 


-as.it,poflefles-when diftilled from the oxyd. of manganefe, . The 


nitro-muriatic acid, therefore, diffolves gold by virtue, of the de- 


. phlogifticated marine acid it contains ; hence it happens that the 


acid: mixture is often nothing more than. marine acid. Such. is 
the opinion of the,celebrated chemift_of Upfal. . The, following 


_ theory, however, appears to agree better with the facts. . When 


nitric acid is poured upon muriatic acid, the two liquors grow 
hot, and deeper coloured ; an effervefcence i is_ produced, wae 
ed. with a mixed {mell, lefs penetrating than that of muriatic¢ acid, 
but perfectly refembling this acid diftilled from oxyd of nyain- 
ganefe. Berthollet has difcovered that oxygenated muriati¢ 
acid is difengaged during this, {trong ation of the two. PWS 


~Muriatic acid, therefore, takes from the nitric acid part of the 


oxygen it. contains, and is diffipated. i in the form. of oxygenated 

muriatic acid gas. A portion of this acid remains charged with 
oxygen and nitrous gas, and this mixture con({titutes aqua regia. 
Hence. it may be eafily, conceived why a very {mall quantity of 
nitric acid i is required to give the muriatic acid the characters of 
aqua regia, and why the falt of gold affords by diftillation no- 
thing but the muriatic acid, as likewife happens with nitro-mu- 
riatic acid. diftilled alone. But it muft be obferyed,. that, as a 
much greater quantity of nitric acid than i is_necefli ary. 13, coms 
monly. ufed to faturate t the. nuuriatic acid with. OXY ZEN) the nitro- 
muriati¢ acid, aqua regia, contains thefe two. acids, which ack 
each, according to. its peculiar nature, and form various .com- 
pounds. with Bodies expofed to their action. It is therefore.a 
Cec iiij 
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defideratum to afcertain what quantity of nitric acid is ‘required 
to faturate a given quantity of muriatic acid with oxygen, and 
to convert it into nitro-muriatic acid, without its containing any 
portion of aquafortis, which would only tend to alter its pro- 
perties, and render its effe&ts uncertain. Hence it is neceffary, 
in the recording of nice chemical operations, to point out the 
re{fpective quantities of the acids made ufe of in compounding 
the aqua regia employed g. | . 
The fpecific gravity of this mixed acid is lefs than that of ei- 
ther of the two which compofe it; its {mell is peculiar 5 its co- 
lour citron, verging towards orange : its ation on various fub- 
{tances diftinguifhes it from every other acid. Light difengages 
the oxygen gas or vital air; heat feparates the oxygenated muri- 
atic acid. Aqua regia combines with water in all proportions, 
at the fame time producing heat: it diffolves alumine very flow- 
ly, and unites with barytes, magnefia, lime, and the different al- 
kalis, producing mixed faline combinations, which either cry- 
ftallize feparately or together, according to their folubility. Aqua 
regia is much ufed in chemiftry, efpecially in the art of affaying, 
as we fhall have occafion to obferve more largely, when we come 
to fpeak of metallic fubftances. ey 
The intimate nature and compofition of the nitric acid ‘has 
been greatly attended to by chemifts fince’ the earlier difcoveries 
of Dr. Prieftley. The opinion of fuch as think the formation of 
this acid may be attributed to the fulphuric, and. who regard it 
as a modification of this laft, has been fhown to be founded: on 
fallacious experiments ; and it was ‘foon found to’ be compofed 
of peculiar principles, in confequence of the following obferva- 


tions. ae 

It has long fince been obferved that the nitric acid aéts ftrong- 
ly on combuttible bodies, efpecially metallic fubftances; a large 
quantity of red vapours exhaling at the fame time into the ae 
mofphere, and the acid in fome cafes being entirely diffipated in 
that form. ‘The combuttible body expofed to its action is quick- 
ly converted into the ftate of a body which has fuffered oxyda= 
tion or combuftion. And this procefs is in fome cafes carried 
on fo rapidly, as to caufe fudden inflammation of the combufti+. 
ble bodies, fuch as oils, coal, fulphur, phofphorus, and certain 
metals. Stahl attributed this effect to the rapidity with which the 


acid combined ie Papeete but this anne is infufficient. bs 
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Dr. Prieftley having received, under a glafs veffel filled with 
water, the vapour which is difengaged during the aétion ‘of the 
nitric acid upon iron, obferved, that inftead of a red vaporous 
fluid, a tranfparent and colourlefs'gas, refembling air, is obtains 
ed, which he diftinguifhed by the name of nitrous gas. 
~ This gas has all the external chara€ters of air, but differs in 
“a great number of its chemical properties: its {pecific gravity is 
fomewhat lefs ; it is incapable of maintaining either combuftion 
or refpiration ; is ftrongly antifeptic ; has no fenfible tafte ; and 
does not immediately produce any change in fyrup of violets. 
Nitrous gas is not fenfibly changed by the aétion of light ; heat 
dilates it ; vital air readily combines with it, and converts it into 
nitrous acid ; atmofpheric air produces the fame effet, but with 
lefs intenfity. This combination exhibits many important phe- 
nomena. As foon as the air comes in contaé&t with the nitrous 
gas, thefe two colourlefs fluids become red, like the nitrous acid ; 
a confiderable degree of heat is excited: the water rifes in the 
receiver, and abforbs the red vapours, which convert it into a 
weak aquafortis. The purer the air, the more rapid and evi+ 
dent are thefe phenomena, and a lefs quantity is required to 
convert a given quantity of nitrous gas into nitrous acid. La- 
voifier found that fixteen parts of atmofpheric air are required 
to faturate feven parts and one-third of nitrous gas, while four 
parts of vital air are fuflicient to faturate completely the fame 
quantity of gas. This remarkable phenomenon perfeétly refem- 
bles combuftion, as Macquer thinks. In faét, it is accompanied 
with heat, abforption of air, and the production of faline mat- 
ter; and the deep red colour with which it is accompanied may 
be confidered as a kind of flame. 

The effets of air in this artificial recompofition of nitrous acid 
being different according to the purity of the air made ufe of, 
Dr. Prieftley applied nitrous gas, as a teft to diftinguifh the 
quantity of vital air contained in any given portion of elaftic 
fluid, by taking, as the two extremes, the moft impure gas, 
‘which is not changed at all by nitrous gas (as, for example, car- 
‘onic acid), and vital air, which is changed the moft. ‘This proof 
confifts in employing known quantities of the two gafes, and ob- 
ferving the effect, or the quantity neceflary for the complete: fa- 
turation of each. The lefs the quantity of any kind of air which 
is required to faturate nitrous gas, the more pure or refpirable 
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that air is; and, on the contrary, the larger the quantity requi-- 
xed ‘for that purpofe, the lefs is its purity. 5, os) eee 
» Many philofophers have endeavoured to contrive methods ,of 
cialis this: experiment with the greateft: precifion, The 
Abbé Fontana has fucceeded the beft in his attempts; he has 
contrived an eudiometer, which i is accurately defcribed by In- 
genhoufz in his Inquiries concerning Vegetables, With this in- 
ftrument the purity: of air may be eftimated to an extreme de- 
gree of accuracy; but a degree of attention and, experience is 
required in its, ufe, without which it is very likely to,be:, produc- 4 
tive of error, as the author himfelf obferveser) 4 4) so sate. 
» Itas of great confequence to be obferved, with aban thefe 
experiments, ufeful and ‘ingenious as they are, that they have not — | 
been attended with near the advantage to. medicine, by, deter~ 
mining the falubrity of the air, which was at firlt expected. 
They indicate merely the quantity of refpirable air contained, in 
the {fpecimen under examination, but teach .us, nothing, concern- 
ing the noxious qualities of this fluid with refpe@t tothe, other 
animal fundtions ; as,-for example, its aGtions on the ftomach, 
tkin, and in particular the nerves, which produce effects well 
known to phyficians, and which follow in confequence of almoft 
every alteration the air is fufceptible of... raat robbery 
»Chemifts are not yet agreed in their opinions. refpedting. the 
caufe of the production of nitrous acid by the mixture: of nitrous 
gas and vital air, , Dr. Prieftley, to. whom we are indebted for 
this difcovery, thinks that nitrous gas confifts of the nitrous acid 
loaded with phlogifton 5, and that pure air, having a ftronger. af- 
finity/ for this laft, fubftance, takes it from the acid, which, it leaves . 
at liberty: but this theory is far from being {ufficient.topexplain - 
the phenomenon, becaufe there is fcarcely.any refidue when) the 
experiment is well made, .and becaufe the nitrous acid. formed.ia 
this operation weighs much more than the nitrous gas made 
ufe of. Lavoifier imagined that this property of recompofing — 
nitrousacid by the addition of pure air is) fuflicient to thow, the 
compofition. of the acid. itfelf.... By combining two ounces of, wt 
ritof nitte, of a:known. ftrength, with mercury, which.is,a. 
buftible body, be obtained. 196-cubic inches. of. nine: ge and 
246-inches of vital.aire “The mercury, after. shaving, hanged 
form during the difengagement of the  firft gas, was. reduce 1 
its metallic ftate during the» difengagement, of the. fecondsang 
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jidepritenind pane fuffered no lofs.’ Frony this experiment, per- 

‘formed withogreat accuracy, he concludes, 1/, That the mercury 
-having:fuffered no lofs, the elaftic fluids cannot be attributed to, 
‘or-be faid to‘have been obtained from, that metal.:. 2d, That they 
muft therefore be attributed to a decompofition of the nitrous 
eacid.: 3d, That the nitrons acid made ufe of; whofe {pecific gra- 
»vity; compared with diftilled water, was as 131607 to rooeoe, 
vappearsito be formed of three’ principles ;snitrous gas, vital air, 
-and water,:in the following proportions, im the Paris pound, of 
9216 grainsis nitrous ‘gas, 627% grains 3 vital air, 1ro82% grains ; 
water,7 506 grains. ? 4¢4,’That nitrousigas confifts of the nitrous 
~atidideprived’ of vital-ait, “or oxygen. | 5¢4, That in all the vope- 
‘rations wherein nitrous gas is obtained, the nitric acid is<lecom~ 
epofed, anda part-of its oxygen‘abforbed by the combuttible bo- 
-dy, withewhich seaed a: sce pmo than with: the: saith 
ph innsa FB 

«There is, however, a: digiculy antewitine this opinion. rod 

‘adit ‘did’ not fueceed in recompofing’ all the acid he made 
café of, but loft at'leaft the half, and the quantity of pure air ob- 
“tained was much more than neceflary to faturate the whole quan- 
‘tity of nitrous gas.» He confefles that-he cannot account for this 
~eircumftance, Macquer fuppofes it to depend on the Jofs of 
»phlogifton or light, which he confiders as one of the principles, 
‘and fuppofes to be diffipated through the: pores of ‘the veflel :du- 
‘ving its decompofition, a part of the pure air, which is not difli- 
‘pable in the fame! manner, being left’ behind. We fhall ey 

fee that this is not the true caufe of the phenomenon. 

The portion of gas which remains after the mixture) of vital 
rair and “nitrous gas formed likewife an objection againft La- 
-voifier’s theory ; and though this refidue was very inconfiderable 
‘in his experiment, feven parts and one-third of nitrous gas, with 
-four parts of vital air, having left only the thirty-fourth »part of 
-théeir whole bulk, yet it was embarrafling to difcover. the reafon. 
‘tds true°that»Lavoifier has fince afcertained. that: the -refidue 
lig much'fmaller when the’ materials are very: pure and accurate- 
_ «ly proportioned to each other ; and we thall proceed to fhow that 

.it is poffible to. make a eémbination of ony air and nitrous gas 
ee tovleave tio refidue.s) yur ee boos ers tak As 
o'There is not the fame difficulty: hesipaulher the -abviidndie refi- 

4 s@uerobtaltied after the combination ofx16 parts. of -atmofpheric¢ 
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air with 7% ies nitrous gas. This fluid is known tobe’ azotic gas, : 


or atmofpheric mephitis. It is likewife eafy to conceive, that 
water, in contact with nitrous gas, may, in procefs of time; con- 
vert it into nitrous acid, by virtue of the air contained in the’ tial 
mentioned fluid. Tatty > vey setepalay Dhentenee 
But in the aliching’ of Lavoifier, the nature of the nitrous. 
gas remains to be inquired into; and this point has been clear- 
-ed up by a valuable experiment of Cavendifh ; he introduced 
into a tube of glafs, 7 parts of vital air, obtained without the af- 
fiftance of nitric acid, and 3 parts of azotic gas, or atmofpheric 
mephitis ; the electric {park being paffed. through this mixture, 
its buik was much diminifhed, and at became changed into ni- 
trous acid. Hence he concludes, that this acid is a combination 
of 7 parts of vital, and 3 of azotic air ; and that when a certain. 
-proportion of the firft of thefe principles is: taken away; as hap- 
pens when metals, &c. are diflolved, it becomes. nitrous gas; 
-confequently, according to this: opinion,» the latter fluid muft 
-confift of azotic gas, with a lefs proportion of vital air than. is: 
neceflary to conftitute nitrous acid ;, and that/the addition of pure, 
_ air only is wanting to convert nitrous gas into that acid. -Thefe 
“experiments, and the ingenious theory deduced from. them, tend 
greatly to explain the. formation of nitric acid, by the putrefac- 
tion of animal matters. It is well-known, that a large. quan- 
tity of azotic gas is difengaged from thefe  fubftances during 


the putrefadtive. procefs; and the neceflity of the contact. of ; 


-air, for the production of this acid, is fufhiciently. evident,- from. 


the confideration ue it: 1s een by the union " thefe ‘two ela= Se 


‘fic fluids, eh Tog ole 
Hence itis likewife aa to sCmvenians an i Pare Manian 
the pure, colourlefs acid, and. that which is yellow and fuming, 
called: phlogifticated by the northern chemifts, or between the 
-nitric:and nitrous. ‘The latter exifts in all cafes, when the pro- 


portion. of its two component parts is not accurately fuch,as cons , 


{titutes :pure nitric acid, namely, 3 parts of azote to:7 of oxy- 


-gen. But/as a great:number of circuniftances, and in:/general 


‘every phlogifticatingprocefs, may. diminifh. the, quantity, of oxy-. 
gen, by abforbing more or lefs,of that:fiuid,. it follows, naturally, 
iff, ‘That this acid is very fubje& to alteration, and muft be more 
or lefs fuming according to circumitances...2d, That inypropor- 
tion to the quantity of exygen taken awayyiit may exifbin many 
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different {tates from that of the pureft nitric acid, which contains 
the largeft portion of this principle, to that of nitrous gas, which 
does not contain enough to. be truly acid. 3d, That if nitrous 
gas be:totally deprived of oxygen, it will be converted into azo- 
tic gas, or mephitis. 4/4, That the attra€tion between oxygen 
and azote not being confiderable, and a great number of com- 
buftible bodies having a ftronger affinity with the former, the ni- 
tric acid muft be decompofed with much facility by fuch bodies. 
Thefe four remarkable properties of the acid of nitre ferve to ex- 
plain a great number of chemical phenomena. 1/, We may 
conceive, that in this acid the azotic gas and vital air are depri- 
ved of much caloric ; and confequently, that they are in the ftate 
of azote and oxygen. 2d/y, That when it is decompofed by a 
combuttible body, the nitrous gas, which is difengaged, does not 
require fo much caloric to convert it into the elaftic formas vital 
air and azotic gas do. 3d/y, That thefe two elaftic fluids cannot 
combine in their gafeous ftate. 4th/y, That, confequently, the 
vital air obtained from nitrous preparations ftrongly heated, fuch 
as red precipitate, ‘the nitrat of lead, common nitre, &c. muft 
contain a portion of mephitis, or azotic gas, and that it is this 
gas which forms the refidue after the union of vital air and ni- 
trous gas; arefidue which does not exift when vital air is ufed, 
which has been difengaged from the leaves of vegetables, or from 
manganefe. sth/y, That the fame thing fometimes happens with 
the nitrous gas, which may contain a portion of azotic gas or 
difengaged mephitis ; that this muft happen when the gas is pre- 
pared with bodies which, being very greedy of oxygen, take it 
almoft entirely from the nitric acid, fuch as iron, the oils, &c. 
6thly,'That the nitrous acid which is coloured, and contains an 
excefs of nitrous gas, or azote, or the bafe of mephitis, is in 
a very different ftate from that whofe two principles are in a ftate 
of faturation ; and that, by reafon of their different properties, 
it is neceflary to diftinguifh them by particular names *. We name 
the pale acid, which is the fcarceft and moft pure, the witric 
acid, to conform to the other denominations; and its neutral 
falts' we call: nitrats. “We give. the name of xitrous acid to that 
which is red, and’ that of aitrites to its faline combinations. It 
is true that we feldom:have occafion to {peak of thefe laft; for, 
though .the nitrous acid, or that which is red and fuming, is 
more common than the pale, it feldom happens that it remains 
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fuch in its ¢émbination with the alkaline bafes; the excefs of 
nitrous gas efcapes during the combination, and the nitric or puré? 
acid inl enters into the compound. » We: fhall fee that thefe» 
falts, called nitrites, which contain the acid, with excefs of ni= 


trous gas, are not formed, except if the ‘aw of : heat: ‘upon’ 


the true nitrate. © 5 > pate Rear 

_ The affinities of the nitric acid to the alkaline Ltn are the 
fame as thofe of the muriatic acid.) They are arranged by Berg 
man in the following order: barytes, potafh, foda, lime, magne~ 
fa, ammoniac and alumine. According to’ this celebrated che=: 
mift, the nitrous or phlogifticated nitrous acid has the fame elec=) 
tive attractions as the pure acid itfelf. It is ftronger than the 


acids before treated of, and difengages the api fluoricy» 
and muriatic acids from their bafes. lets Renthenners 


The nitrous acid is of very: extenfive ufe in thew arts; under’ 
the name of aquafortis, it is more particularly employed to dif=: 
folve mercury, copper and filver, by water-gilders, engraversy’ 


and in domeftic and metallurgic operations, &c. In furgery it is 


wfed to deftroy excrefcences, and. {mall indolent tumours. In 
pharmacy, it is ufed in many preparations; fuch'as mercurial 
water, red precipitate; martial alkaline tinCture of Stahl,»the: 
yellow unguent, &c. &c. We fhall mention thefe; with — 
other ufes, under the different articles to which mesa ge 
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Species V. Sulphuric Acid. 
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Sulphuric acid, hitherto called the vitriolic acid, isa very caus 


ftic faline fubftance, which, when concentrated, burns and! core 


rodes the fkin, reddens the fyrup of violets without deftroying 


its colour, and exhibits a rough flyptic tafte when much dihited 


with water. This acid, in its pure fate, has the form of a very 


traniparent, oleaginous fluid, twice as heavy as diftilled water, 
and without fmells it contains the acid united with water, from 


which it cannot be entirely feparated by any known methods » Tt - 
is called vitriolic acid, becaufe it was formerly obtained from . 


martial vitriol by diftillations It is now obtained in’ France and 
in England by the: complete combuftion of fulphur, as wally be 
more amply explained in ‘the hiftory of that combuftible fub- 
ftance. Its extraétion and nature require, therefore, ‘that, im a 
methodical and regular remem it — rt! sempre 08 


phuric Mets Men EM cae ‘ iy arene ‘waren } 
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_ When it is well concentrated, it has very improperly been cal- 
led oil'of vitriol, on account of its confiftence.  * 

This acid, as fhall afterwards be fhown, takes the conerete 
form, either by expofure to cold, or by combination with feveral 
elaftic fluids. 

The adtion of light on the fulphuric acid is not ee Some 
chemifts have affirmed, that oil of vitriol, expofed in well clofed 


_-veffels to the rays of the fun, becomes gradually more and more 


coloured, and even that fulphur is formed: this phenomenon is: 
very far from being proved; and it is even probable that it does 
not take place: for we fhall hereafter fhow that ‘the fulphuric 
acid cannot be converted into fulphur, but by the lofs of its pure 
air or oxygen, and _ -feparation cannot be made in clofed: 
veffels. 

_ Stahl confidered the fulphuric acid as the moft univerfally dif- 
fufed, and the principle of all other acids. The firft of thefe 
aflertions, foundéd on the confideration that linen cloths, im- 
pregnated with potafh, and expofed to the air, become charged, 
in procefs of time, with fulphat of potafh, or the falt formed 
by the union of this with fulphuric acid, is now fhown so be 
falfe; becaufe thefe cloths are not found to contain an atom of 
fulphat of+ potafh, though they abound with carbonat of potath, 

or the combination of this alkali with carbonic acid. As to. the 
fecond, it is by no means proved that the other acids owe their 
origin to that of fulphur. Modern experiments have fhown, 
that each acid has its peculiar principles, different from every o- 
ther, excepting the bafe of vital air or oxygen, which iscommon 
to all. 

Sulphuric acid, heated in a retort, becomes more concentrated 


\by the lofs of a part of its water, and is not volatilized but by a 


ftrong heat. Coloured fulphuric acid becomes clear and tranf- 
parent by the action of heat. During this operation, which is 
called concentration and re€tification of the vitriolic acid, a gas 


. of avery penetrating {meil, which we fhall hereafter have occafion 


to fpeak of, under the name of fulphureous acid gas, and which 
was the caufe of its colour, is feparated. ‘Though this operation 
appears to render the fulphuric acid more clear and pure, it muft 
be carried {till further, if the acid be defired in a high ftate of purity. 
The fact is, that the ordinary method of concentration ‘deprives it 
sai of water and fulphureous acid gas, without feparating the 
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fixed matters by which it may be. changed : its complete purlfi- 
cation requires that it be diftilled to, drynefs ;,changing the reci~ 
pient as-foon as the acid in the retort is fufficiently concentrated 
by the firft part of the procefs: the dry white refidue, which fi- 
nally remains in the retort, confifts of fulphat of potafh, and 
fome other fubftances taken up by the acid at the time of its 
original manufacture. athe - 
Concentrated fulphuric acid, expofed to the air, attracts’ Nae 
midity, and lofes a part of its force and caufticity; it likewife 
becomes coloured, by means of the combutftible particles which 
float in the atmofphere, and are ftrongly acted on by this acid; 
the quantity of moifture it abforbs by this expofure, is nearly 
double its own weight *. oS 
The Du¢ d’Ayen, by,a curious fet of experiments, made du- 
ring the violent froft.in the month of Jariuary 1776, has thown, 
that this acid, highly concentrated, expofed to cold between 13. 
and: 15 degrees of Reaumur’s thermometer, becomes congealed 3 
that when. it is diluted with 2 or 3 parts of water, it cannot be 
frozen ; and that, if it be left continually expofed to the air in 
its frozen ftate, it becomes again fluid, though the temperature 
of the atmofphere continues as cold, or even becomes colder: 
than before.. This, laft phenomenon is produced by the water 
contained in the atmofphere, with which the acid unites, and 
produces an increafe.of temperature fufhcient to Sherer 
overcome the power of congelation >. | aieiTD 
Sulphuric acid unites to water with phenomena that indicate 
a fudden penetration and intimate union. -A ftrong degree of 
heat, attended with a kind of hifling noife, is produced, a pecu~ 
liar imell being at the fame time emitted. The noife produced 
during this union, arifes from the efcape of the air contained’ 
in the water, which is feen. to efcape in the form of f{malb 
bubbles*. The acid, thus diluted with water, lofes much of the 
intenfity of its tafte, and its fluidity is greater. bcALos 
It was formerly called fpirit of vitriol. By evaporating’ the 
water of dilution, by means of heat, the acid may. ‘ei xatectom 
to the ftate of concentrated fulphuric acid. eter 
This acid does not act on filiceous earth or quarteofe pees 
not even when they have been previoufly diffolved in alkaliss it 
combines with alumine, barytes, magnefia, lime, and alkalis, 
forming fulphat of alumine, or alum; fulphat of barytesy on 
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ponderous {par 3 fulphat of magnefia, or Epfom falt ; fulphat 
of lime, or felenite; fulphat of potafh, or eiitiebahed tartar 3 
tulphat of foda, or Glauber’s falt; and fulphat of ammoniac, 
‘or vitriolic ammoniac. Its eletive attraCtions for thefe bafes 
thave the fame order as thofe of the muriatic and nitric acids, but 
they are ftronzer ; this acid being ral of difengaging either 
of the others from its bafe. 

The aétion of fulphuric acid on other acids has not yet been 
‘well afcertained ; we only know, 1/7, That it abforbs a large 
quantity of the carbonic acid. 2d, ‘That it unites fo eafily with 
the muriatic acid, as to produce heat, and the difengagement of 
a large quantity of muriatic acid gas in white vapours. Boers 
‘haave afirms, in his chemiftry, that the muriatic acid renders 
oil of vitriol concrete, which may perhaps be true of the oxyge- 
nated muriatic acid. 3d, That the white and pure nitric acid, 
added to fulphuric acid, coloured by a combuitible body, ren- 
‘ders it tranfparent, and is exhaled in the form of nitrous gas, 
on the application of heat to the mixture. 4th, That nitrous gas, 
added to this acid, caufes it to take a concrete form, as we {hall 
‘ more largely fhow in treating of the decompolition of nitrat of 
potafh by the fulphat of iron. 

The mode of aétion of the fulphuric acid on combuttible bo- 
dies greatly elucidates the nature and principles of this acid. 
‘Whenever a combuttible body, as, for example, a metal, or any 
animal or vegetable fubftance, is placed in contact with concen- 
trated fulphuric acid, it pafles with a greater or lefs degree of ra- 
‘pidity to the ftate of bodies which have been burned, and the 
acid is at the fame time decompofed ¢. 

* Bodies containing oil become black when plunged in celd ful- 
phuric acid, the acid at the fame time afluming firft a brown, 
and afterwards a black colour. If an inflammable body in com- 
buftion, as, for example, red-hot charcoal, be plunged into: this 
acid, it immediately aflumes a degree of volatility, with a fulphu- 
reous {mell, emitting at the fame time a white fuffocating fume; 
If the acid be put in contact with a combuftible body of a more 
fimple nature than organic fubftances, the changes which follow 
may be more eafily perceived and eftimated, and the principles 
of the fulphuric acid may by that means he feparated and known, 
‘When concentrated fulphuric acid and mercury are heated: toge- 


ther in'a. retort, ‘whofe neck is plunged beneath a glats,veffel, fill 
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ed with the, fame metallic fluid, a permanent gas, of a 1 and 
penetrating {mell, fimilar to that of burning Adehitsd is produced 
as foon as the acid boils. : , 
_ This aeriform fluid, known by the name of ‘Lulphiaaae acid | 
gas, is fomewhat heayier than common air; it extinguifhes flame, 
deftroys animal life, reddens and difcolours fyrup of violets, 
unites to water with lefs rapidity than the muriatic acid gas, and, 
according to: Prieflley, diffolves chalk, camphor, and iron; it is 
abforbed by charcoal, and all very porous bodies. Though i it has 
been confidered as one of the permanent gafes, it appears to be 
capable of condenfation to the liquid ftate by a great degree of 
cold. Monge has fucceeded in rendering it liquid by this procefs. 
The fulphureous acid is a peculiar modification of the ful- 
phuric acid, capable of forming with alkalis. neutral falts, yery - 
different from thofe produced by the combinations of the latter. 
Stahl, who paid particular attention to thefe important pheno- 
mena, imagined that in this combination the phlogifton of the 
metal united with the acid, and gave it fmell, volatility, &c. 3 but 
this great chemift, not having purfued the experiment to a. fufi- 
cient length, was doubtlefs unacquainted with the circumftance 
that the ftrongeft objections again{t his doctrine may t be deduced 
from thefe facts. Lavoiiier, Bucquet, and myfelf, have feve- 
rally examined the fuccetlion of phenomena which take place 
during the mutual action of mercury and the falphuric acid. As 
foon as the mixture becomes white and dry, fcarcely any fulphu- 
reous acid gas pafles over; if this fulphat of mercury be then 
ftrongly heated, a {mall quantity of water is difengaged, together 
with gas of a totally different nature from the former. It.confifts 
of very pure vital air. In proportion as this air patfes Over, | the 
mercury 1s reduced to its Auid and metallic flate, abfolutely. fimi- 
lar to that which it originally poffefled, and is entirely recovered, 
excepting certain portions, which together do not amount to the 
eighth part of the quantity made ufe of. Hence it appears, that 
the mercury not having been at all altered, the two gales, » which 
come over, are produced by a decompofition of the fulphuric acid 
itfelf. Sulphureous gas appears to have the {ame relation to this 
acid as the nitrous gas has to the nitric acid. There is, however, 
fome difference in the compofition of thefe two acids ; for it has 
not been found practicable immediately to reproduce. the fulphu- 
ric acid by uniting the two gafes it alors, though this. A be 
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dorie at pleafure with the nitrous acid, by combining the nitrous — 
gas and vital air which its analyfis affords. It is probable that 
the recompofition of the fulphuric acid requires a confiderableé 
{pace of time, fince it really takes place when compounds of the 
fulphureous acid, with different bafes, are expofed to the air, and 
are found at length to contain mere fulphuric acid. Thus it is 
that the combination of the fulphureous acid with the potath, 
commonly known by the name of fulphureous falt of Stahl, or 
the fulphite of potafh, being expoféd to the air, becomes con- 
verted into fulphat of potafh at the end of a certain fpace of 
time. That which here happens flowly, takes place very rapidly 
in the combuttion of fulphur, during which this combuftible bo- 
dy abforbs the oxygen of the atmofphere, and becomes more and 
more acid, until its complete faturation *. 

From thefe experiments, it is evident, 1/7, That the fulphuric 
acid’ is a compound of fulphur and oxygen; 2d, That when a 
combuttible body is prefented to this acid, which has a ftronger 
affinity than vital air or oxygen to fulphur, it feizes the oxygen, 
and decompofes the acid ; 3d, That if the combuftible matter do 
not feize the whole of the acidifying principle, as is the cafe with 


. moft metallic folutions in fulphuric acid, the fubftance difenga- 


ged.is not pure fulphur, but fulphureous acid gas; 474, That this 
gas occupies the middle place between fulphur and fulphuric acid, 


_and muft be confidered as that acid deprived of a certain quantity 


of its oxygen, or as fulphur rendered feebly acid by a portion of 
oxygen. In order, therefore, to caufe this gas ‘to become true 
fulphur, nothing more is required than to deprive it of this por 
tion of the bafe of vital air; an event which happens towards the 
end of metallic folutions by the fulphuric acid, when thefe folu- 
tions are evaporated and ftrongly heated. It may likewife be rea- 
dily underftood in what manner the fulphureous acid becomes 
gradually converted into fulphuric acid, by abforbing the oxygen 

or vital air contained in the atmofphere *. | 
Sulphureous acid gas is capable of uniting fomewhat intimate- 
ly with the fulphuric acid, to which it gives the property of 
emitting thick white vapours. Meyer, in his Chemical Effays on 
Quicklime, {peaks of a /moking cil of vitriol, prepared at Narthau- 
fen in Saxony, by the diftillation of common vitriol. This chemift, 
after Chriftian Bernhard, a German chemift, mentions a concrete 
and fuming acid*falt, obtained from this acid by diftillation. Has 
D d ij 
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ving had an opportunity of procuring a few pounds of this Saxon 
{ulphuric acid, I obferyed the properties mentioned by. Meyer 3 
and, by a gentle heat, I obtained a concrete fuming volatile falt, 
in deliquefcent cryftals, of two forms, according to the defcrip= 
tion of Chriftian Bernhard. A number of experiments which I 
have defcribed, in a memoir read to the Royal Academy of Sci- 
ences in 4785, have convinced me, 1//, That the property of fu- 
ming and affording a concrete volatile falt arifes from the {ulphu- 
reous gas contained in a large proportion in the black fulphuric 
acid of Narthaufen; 2d, That in proportion as it lofes this gas 
by expofure to air, it ceafes to emit fumes, and affords no more 
concrete falt; 3d, That water difengages this. gas, and deprives 
the Saxon fulphuric acid of its fuming: property, &c. 5 ath, and 
lafily, That this concrete and very fuming acid falt obtained by 
diftillation is a faturated combination of fulphuric acid and ful- 
phureous gas, which gradually becomes conyerted, into ordinary 
fulphuric acid by expofure to air. ‘Two concrete fulphuric acids 
are therefore known; the one formed by the addition of nitrous 
gas, and the other of fulphureous acid gas. I do not doubt but 
that other concrete modifications occafioned by its combination 
with other gafes, as the oxygenated muriatic acid gas, &e. will 
hereafter be difcovered. od 
_ The fulphuric acid is ufed in many: arts, particularly. in hate 
making and in dyeing ; it is one of the moft common’! and moft 
neceflary folvents made ufe of in chemiftry; it.is employed in 
medicine externally, as a powerful cauftic, and internally, when 
diluted with water, fo as to be fcarce fenfibly acid, as a_ xehtai 
ing, cooling, and antifeptic medicine. 7 

The fulphureous acid is employed in Bist tibtaqgiey wufed. to 
whiten filks, to take out fpots occafioned by vegetable juices, &c. 
As, thefe two acids are combinations of. fulphur and oxygen in 
different proportions, their names ought to ‘have an: analogy with 
their nature ; thofe of /ulphuric and /ulphureous acid appeared to 
me to be well adapted: the termination of this laft word expreffes | 
the excels of the combuttible pate, as in the other acids. 


ine * , ? 
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Species Vd. Boracic Acid. a2 | 
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“The, labours of a great number of chemilts ri Acie that 
borax. is a neutral falt, formed by the combination’ of a peculiar 
acid with an excefs of foda. .This acid was, called /edative falt 
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by its difcoverer, Homberg. It has fince been named the acid: 
ef borax ; we prefer the name of the boracic acid, in order to: 
give this word the termination of all the other acids. 

* Many chemifts have fuppofed that this acid is an artificial pro- 
duct, formed by the combination of the falts made ufe of in its 
manufacture ; but fince Mr. Hoefer, apothecary to the Grand. 
Duke of Tufcany, has difcovered that the waters of feveral lakes 


in that country contain it in a {tate of great purity, it cannot be 


doubted but that it is a peculiar acid. The chemifts of the aca-. 
demy of Dijon have confirmed this difcovery, by analyfing the 
waters of Monterotondo which were fent to them, and in which 
they found fedative falt, as difcovered by Mr. Hoefer. It is pro- 


bable that it may hereafter be found in other mineral waters; it 


feems to be produced by the putrefaction of fat fubftances. 

~ Boracic acid, whether native, or obtained from borax, by the: 
procefs to be mentioned under that article, is a concrete fub- 
ftance, cryftallized in fmall white f{cales, exceedingly thin, irte- 
gularly cut at their edges, very light, and fometimes: brilliant in. 


_ acertain degree. Its tafte is feebly, though fenfibly, acid; it 


flightly reddens the tin€ure of violets, and alfo that of turnfole, 
mallows, radifhes, &c. much more fenfibly; it is not volatilized. 


by fire, but melts at'a confiderable red heat into a. tranfparent 


glafs, which, upon expofure to the air, becomes opake, and co- 
vered with a light white powder. ‘This glafs ig the boracic acid 
unaltered, and recovers its cryftalline form, by folution in Wale 
and fubfequent cryftallization. 

‘The boracic’acid is not changed by the aGion of air, ietnihes 
it tt be hot or cold, or in a ftate of humidity or drynefs. 
~\It is difficultly foluble in water, a pound * of this fluid,, boil 
ing hot,’ diffolving no more than 83 grains, according to the aca~ 
demicians of Dijon; it cryftallizes by cooling and by evapora- 
tion. This folution inimediately reddens the tinture of turnfole, 
and changes the colour of fyrup of violets, though flowly. li 
boracie acid, moiftened with a little water, be heated.in a cucur- 
bit with'a head, a part of the acid fublimes with the water which 
rifes, but the fublimation ceafes as foon as the water has all rifen; 
a’cireumftance which proves that, thig falt. alone is. fixed,’ as. may 
bethown by melting it-in a crucible. By {ublimation. in) this 
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manner with water, boracie acid may be obtained very pure in 
fine brilliant cryftals, if the operation be well pees Ss ks 
falt is called fublimed fedative falt in pharmacy. | 

The boracic acid is ufed to fufe filiceous earth, iol which j it 
forms clear, and nearly colourlefs glaffes; by the affiftance of 
heat, it diffolves the earth precipitated from the liquor of flints, 
It unites with barytes, magnefia, lime, and alkalis, and forms 
with thefe different fubftances falts, diftinguifhed by the generak 
name of Borats, of which there is only one Fh airs is. ag 
well known. | 

All thefe properties, and more ofpecially its aie Be WN cO# 
lour it communicates to vegetable colours, and its neutrab com 
binations with alkalis; fufficiently indicate its acid nature ; but it — 
is known to be the feebleft of all the acids, fince it often fatu- 
tates imperfeétly its alkaline bafes, and. fince all the other acids, 
not excepting the carbonic, difengage it from its combinations. + 

, The adtion of acids on horaci¢ acid is not well known; it ap- 
pears to be partly decompofed by the fulphuric acid, the: latter 
becoming fulphureous when. diftilled from: this falt, As. to. the 
nitric and muriatic acids, it is known that they diffolve it ; but ) 
their mutual action has not been obferved with fufficient. accu- 
_ ¥acy to determine whether any decompofition takes place. 

There ‘have been many different opinions refpecting the nature 
and formation of boracic acid. Many chemifts have thought it 
to be an intimate: combination of fulphuric acid: and vitrifiable 
earth with a fat fubftance. Meflrs. Bourdelim and Cadet fup- 
pofed it to be formed of muriatie acid, The latter. imagined that 
it contains a {mall proportion of earth of copper, becaufe, like 
the oxyds of that metal, it gives a green colour to flame.  Car- 
theufer affirms, that boracic acid, when dried by a gentle heat, 

emits vapours of muriatic acid ; that this dry: falt being diffol- 

ved, a grey earth remained on the filter; laftly, that by repeat- 
ing the deficcations and folutions a great number of times, | the 
falt is entirely decompofed, fo that it feemed. to, be a modificas 
tion of muriatic acid fixed by an earth. Mefirs.. Macquer, and 
Poulletier de la‘Salle have repeated this experiment. They ob- 
ferved the difengagement of a vapour during the calcination of — 
the fedative falt, but they were not fatisfied, that, its {mell was © 
that of muriatic acid. By fucceflive deficcations and folutions, 
they obtained a fmall quantity of grey earth, which, when com> ~ 
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binéd with muriati¢ acid, did not form boracic acid, as Carthew= 
fer had affirmed ; fo that the opinion of this chemift is no more 
proved than the others. Model confidered this falt as a combi- 
nation of a peculiar alkali with the fulphuric acid made ufe of 
in difengaging it. But the boracie atid being always the fame 
fubftance, whatever may be the acid employed to difengage 
it, this opinion cannot be admitted. Baumé affirms that he 
has fucceeded in forming boracic acid, by leaving a mixture of 
«lay and fat to digeft together for 18 months. Hence he con- 
_ chudes that this falt is a doinbitation of the acid of fat with a 
 fubtle earth, of which it cannot afterinagds. be deprived. He 
adds, that vegetable oils afford the fame falt, though more flow- 
ly. Wiegleb repeated this experiment of Baumé, but no bora- 
cic z acid was produced. 
Chemitfts at prefent confider boracic acid as a peculiar acid, 
different from ail others; and the order of its affinities with the 
_ alkaline bafes tend to fupport this affértion. Bergman arranges 
- them as follows: lime, barytes, magnefia, potafh, foda, ammo- 
-miac. As they differ much from the falts formed by the other 
acids hitherto examined, they prove {till more evidently that: this 
acid i is of a “pétuliar nature, w whole principles are not yet known. 
“The boracic acid was for fome time employed in medicine on 
the authority of Homberg, who affirmed it to be fedative, and 
even narcotic. He called it fedative falt, or volatile narcotic falt 
of vitriol, becaufe he had obtained it by fublimation of a mixture 
of nitre and vitriol ; but experience has fhown that the virtues 
of this falt are not extraordinary, unlefs the dofe given be great- 
er than that formerly ufed, fuch as a dtachm, or even more’s it 
is therefore rejeGed ; and with f much the more juitice, as it 
4s certain that we poffefs remedivs whofe action is meh more 
ful and certain. ) 
on s ufed in many chemical opevations as a flux, viiaee which 
raéter we fhall hereafter have occafion to confider if, 
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a data Actb is. ala sits of miners, Rs called Susie pane ae effeds. 
it produces on thofe who breathe it. ‘The miners are informed of its prefence, hh 
the faintnefs with which their lights burn, or by their total extin@ion. ~ 

b Carbonic acid exifts in great ‘abundance in chalk, ‘limeftones, marble, sesh 
reous {pars, &c./ forming nearly’one-third of thefe fubRances; +) / HY ebbe 

°. It is alfo extricated in confiderable quantity from putrefying sia fabftan- ; 

: but in this cafe it is impure, being always mixed with other gafeous. bodies. 

“Ye According to Lavoifier, the fpecific gravity of carbonic acid is to that of | 
comnion atmofpherical air in the proportion of 1.8454 to r.2308. 6 7 fiers dD 

© By paffing a fucceflion of electric {parks through ‘carbonic acid gas, Dr.!, 
Prietley obierved, that the volume of this gas was fomewhat increafed, and thag_ 
a portion ‘of it became incapable of combining with water. Se Obfervations an 
Experiments, Vol. I. p. 112. MOS Ge SOURET 

"Van Maram repeated Dr. Prieftley’s a ie eo on a more exteplive feale, and 
obtained nearly fimilar refults., ea th ee 

Monge found, that in thefe experiments the increafe of volume, -arole. from. 
the decompofition of the water, which adheres to carbenic aad" in fpite, or 
every means ufed to feparate it, and not from any change in’ the ‘carbonic acid 
itfelé. ‘Vhe metallic ¢onducors he employed always underwent a fight degree’ 
of oxydation. Atter, the abforption. of the carbenic acid ‘by alkaline folutions, . 
a praleous refidne was left behind, which exploded readily with oxygen Ryo ' eh 

Mem, de I’ Acad. 1736, p- 430. m t 

“f Dr. Prieftley obferved, that the carbonic acid is athenelbew alfo during the” 
freezing of water; and that when this. See is fuddenly veya the ice form-- 
ed has-all the appearance of fhow. ae bin 2 Pile 

,_® Cavendith pafied 180 ounce meafures. of atmofpherical air ‘through an ignited 
fon tape filled with powder of charcoal; the air was ‘diminifhed to ‘162 “meas “ 
fures, and a-gas produced, which was abforbed by alkaline folution. fin 9) gf 

Dr. Prieftley expofed, in a clofe glafs veffel, charcoal in contact. with atmof= ; 

pheric air tothe action) of a burning glafs. ‘The air was, diminifhec one-fifth, 
and became capable of ‘rendering | lime water turbid. ita Experiments ang 
Objervations, firft edition, Vol. Lp. 129. ion aga 

Scheele placed burning charcoal in a veffel conta oxygen gas, After 
cooling, the air was diminifhed, by the abforption of lime water, to one-fourth of t 
its original volume. See Gren’s Journ, de Phyf. Bull. f. 454.0 8 

The memoir of Lavoifier on the formation of carbonic acid is inferyea i in the 
Mea. de P Acad. 1781, p. 448. : 

h Mr. Tennant feems to have been the firft who fucceeded in dire@ly decom- — 
poling carbonic acid. Into a glafs tube clofed at one end, he introduced a {mall 


quantity of phofphorus, and over this fome powdered mazble, or carbonat of 
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hime. After expofing this tube for fome minutes toa red heat, it was obferved to 
contain a black powder, which, on examination, was found to confit of charcoal, 
phofphat of lime, anda fubitance formed by the union of lime and phefphorus. 
The charcoal obtained by this experiment did not feem to differ in any refpec 
fren the charcoal of vegetable fubftances. See Phil. Tranf. Vol. LXXXI. 
?p- 181... ce 

Dr. Pearfon repeated this experiment, sas inftead of a he A care 
bonat of foda, deprived completely of the water of its: cryftallization. 800 
grains of this fubftance were added to 200 grains of tranfparent phofphorus.» 
‘The epen end of the tube being adapted to a pneumatic apparatus, the other end; 
was placed in a red heat for about 20 minutes. During this time fome drops of 
water, together with a mixture of azotic and exygen gafes, having the {mell of 
phofphorus, paffed over into the receiver. In the lower end of the tube there, 
_ was now found a loofely cohering fubftance as black as charcoal, which weighed 
428 grains, and above this a grey and white fubftance, partly fufed, and partly in 
a powdery form, which, with the glafs adhering to it, weighed 358 grains. 100 
grains of the black fubftance afforded by folution in boiling hot concentrated ace- 
tous acid about fix ounce meafures of carbonic acid. The quantity of this acid, how- 
ever, varied a little in different experiments. The folution was filtered, anda 
black refidue obtained, which, after being wafhed with boiling water, weighed 32,4 
grains. This refidue feemed to poffefs all the properties of charcoal, fo that no 
doubt could remain with regard to the decompofition of the carbonic acid. 130. 
grains of phofphat of lime were obtained by adding muriat of lime to the fil- 
tered folution. The refidue from the white fub{tance prepared in the fame way, 
weighed 44 grains, but only a {mall portion of it feemed to be charcoal. 

Dr. Pearfon decompofed alfo, in the fame way, the carbonic acid united with 
potath, but not that combined with ammoniac. The, carbonic acid contained in 
the carbonat of lime, barytes, magnefia, and alumine, feemed alfo to be decom- 
pofed by expofing thefe {ubftances, in contac with phofphorus, to a ftrong fire, 
but'in much {mailer quantity than with either of the fixed alkalis. Inftead of phof- 
phorus, Dr. Pearfon tried fulphur; but he was not able with this fubfance to 
effe& the decompofition of the carbonic acid. See Pbil.. Tranf. Vol. LXXXII, 

Pes POnky bes 
 » The fame experiment has nous fince made at Paris by Fourcroy, Vauquelin, 
Sylveftery. and Brougniart... This decompofition, according to thefe chemifts, , 
takes place only in a high temperature ; for when the heat is flowly applied, the 
phofphorus fublimes, without producing any cficc&t on the carbonic acid. See 
Annal. de Chem. Tom. XI. p. 315. : 

Profeffor Gétling of Jena, however, affirms, that the decompofition of the 
carbonic acid by phofphorus takes place alfo in the ufual temperature of the at~. 
mofphere, provided thefe fubftances be kept a fufficient length of time in contact 
with each ether, See Taffibenduch fir Apotheker, 1796, f. 33. ‘ 

i The actual decompofition of carbonic acid during the vegetation of plants, 
has not yet been proved by any accurate experiments. Thofe who with to be-. 
come acquainted with the moft probable conjeures on this fubject, may confult a, 
memoir of Haffenfratz, beginning page 318 in the 13th Volume of the Annales de 
Chemiz, together with the anfwer,.to this memoir, by Sennchier of eRe HRS: 
sented am the. Feeranl de raat for biidiie 179%. | 
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| - MURIATIC ACID), 
sigs 
2 Tuts acid never exifts pure in sis neste but always in conibination! with ‘eae - 
alkali, earth, or metal. See Kirwan’s Mineralogy, Vol. Ih. p: 30. ot 
b Pelletier afferts, that this abforption takes place by keeping thefe ew? ‘fabs 
ftances fimply in contact with each other. See Yourn. de Phy/. 178 5+ P3940 
Hermftadt inverted a glafs veffel, containing 64 cubic inches’ of oxygen. gas, 
over muriatic acid. At the end of 14 days, 7 cubic inches of the gas were ab-- 
forbed. The acid, which had rifen in' the veflel, on being afterwards expofed to’ 
heat, gave out 6 cubic inches of oy genaten muriatie acid, See: ebeesy, bon 
Scherer, £ £70. 
© Muriatic acid gas is abforbed | by fpirit of wine'as readily as By water. This 
combination diffolves iron, and continues to be inflammable, Mutiatie acid gas 
is abferbed alfo by olive oil, oil of turpentine, wax, fulphur, oars Meoeicnag 
See Priefley’s Exper. and Obfer. Vols Tl. p- 280, poe tage otilf 
d It was this property of muriatic acid gas that led Morir « to’ pipe! it a 
an antidote to the putrid miafma of hofpitals. See Bneselipee Hctbebige 
Article Chemie, Tom. I. p. 132. 
© The fpecific gravity of highly concentrated muriatic aéid i is to enh of water 
- in the proportion of 1.196 to 1000. | According to Lavoifier,. a) cubic:inch of this’ 
acid is equal to 6 drachms 14 grains, French weight. ‘The fpecifie gravity of pees 
atic acid’ gas isto that of atmnofpherical air as 4.750 to 1000, sD 
f Dr. Prieftley obferved; that hydrogen gas was difengagéed in expofing: iron 
filings, {pirit of wine, oil of olives, and-of turpentine, charcoal, phofphorus, wax) 
and even fulphur, to the agtion of muriatic acid gas. The fame thing: happened’ 
with dry cork wood, oakyivory; ether, and camphor. Inflammable gas was allo 
difengaged by pafling the electric {park through muriatic acid. ge iia) aes 
ménts and Obfervations, Vol. Il. p. 280. . 
“La Metherie affirms, that filings of iron and zine are: diffelvea Dastenteeds a 
cid gas; and that, during their folution, inflammable gas is: difengageds “Ace 
cording to him, charcoal, fugar, oil, wax, fulphur; and phofphorus, after; being’ 
placed for fome time in muriatic acid gas, leave a-refidue‘of inflammable gas. As’ 
this fubftance was conftantly evolved during the action of muriatic acid gas. upon 
quicklime, and as: quicklime’ contains no inflammable gas, Lia’ Methetie conchides, 
that, in his experiments, this gas'‘muft have been sig from: the tcp 
See” Effi Analytique, pe 196: (ig DORE BONS 
Sepriebier relates’ atone fa&ts, and has given afimilar’ explanation of hemi ity rs 
memoir, inferted in Crell's Chemical ‘fournal for 1785. tah See Puan 
Dr. Girtanner has fince laid’ clair to the difeovery of the bafe és whe eseindeies a- 
cid. He enumerates eighteen’ experiments in’ his’ Ang fargigrinde der Antipblagifii~ 
fe ben Chenite to ‘prove that thisbafe is hydrogen. It will be {efficient te mien: 
tion the refults. In experiments 1ft, ad, and 3a; ‘tin, bifmath, and! dine, werey 
in a ‘high teriperature, oxydated and diffolved’ in pute: mirfiatic: acid?” In 4th, 


wool decompofed muriatic acid: “In sth, fuiphure ‘of potaftt produced: ‘the fame 


effect. In\ 6th, 7th; 8th, roth, rith, nrtriatic acid’ ges was’ decomipotedy im? 
a high temperature, by manganefe,: copper; afd iron. Tn’ gehy 12th, 23thy: 
14th; and rgth, alcohol, olive oil, oil of turpentine, and wat, were oxydated 
by the muriatic acid. In 16th, rgth, and x8th, carbon, phofphorus, ahd falphor,: 
in a high temperature, were converted into their refpective acids by expofure tq 
the action of the muriatic acid gas, In all thefe inftances, while the oxygen of the 
muriatic acid, combined with the combuitible body, hydrogen, the other conflitu- . 


, 


‘ 
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enk part of that wii was sohauels difengaged under an elaftic form, | It.is.to be 
regretted, that, in thefe experiments, Dr. Girtanner fhould have neglected to men- 
tion the relative proportions of the fubftances upon which he operated with the 
products he actually obtained. ‘Weight and meafure are now efiential to every 
accurate chemical. experiment ; nor can any analyfis be confidered as complete in 
which they have not been employed. _ Muriatic acid, in its gafeous as well as in 
its liquid fate, is known to contain a confiderable quantity of water. is it not, 
therefore probable, that, in the experiments of Prieftley, La Metherie and Girtan.- 
ner, this, not the acid, was the fource from which the hydrogen gas was derived ? 
/ But all uncertainty with regard to the decompofition of the muriatic acid, in 
thefe experiments, has been completely removed by the. very accurate experiments 
of Van Mons, This chemift faturated two half ounces of muriatic acid, one with 
the oxyd of tin, the other with tin in its metallic fate. During the folution of 
the oxyd no hydrogen gas was evolved, yet the quantity of muriat of tin from 
both folutions was nearly the fame. He precipitated the metals by vegetable al- 
kali, and found that the fame quantity of this fubftance was neceffary to decom- 
pofe the falts which had been formed. 

He repeated thefe experiments with zinc, and obtained precifely the fame re- 
fults. Nothing can fhow more fatisfaforily that-no portion of the muriatic acid 
had been decompofed. 

The combuftion of alcohol did not decompofe any portion of the muriatic acid, 
for the fame quantity of potath was neceffary to faturate the acid after as before 
the experiment. 


Van Mons obtained only a very fmall portion of hydrogen gas by pafling mu- 


‘riatic acid gas through heated glafs tubes, containing filings of iron, tin, copper, 


or zinc, F 

Carbon, fulphur, and phofphorus, difengage hydrogen from muriatic acid only 
jn a temperature equal to that in which thefe fubftances decompofe water, 

He heated in a glafs tube muriat of magnefia with phofphorus in the manner. of 

Tennant, but no decompofition took place, nor was any hydrogen gas evolved, 
The experiment was made alfo with muriat of lime, and with the fame want of 
effect. See Nachtrage von Scherer, {. 442. 
_ & There are two obfervations of Berthollet’s which explain, in the cleareft man- 
ner, the nature of oxygenated muriatic acid; rft, That if manganefe, which has 
been previoufly deprived of its oxygen, be diftilled with muriatic acid, ne oxyge> 
nated muriatic acid will be formed; adly, That if oxygenated muriatic acid be 
expofed to the rays of the fun, the oxygen will be feparated under an elaftic form, 
~The acid, during this feparation, returns to the ftate of common muriatic acid. 
“Mere heat, without light, is not fufficient to produce this effect. 

Oxygenated muriatic acid is likewife formed by adding muriatic acid to the ni- 
tric acid. During their combination, oxygenated muriatic acid gas is difengaged, 
and this difengagement may be prolonged by the application of heat, ‘Ihe liquor 


_ which remains is the peculiar acid combination known by the name of Agua Re- 
_ gia. The fame acid combination will be produced by mixing oxygenated muriatic 


acid with nitrous gas. 


“Acetous is converted into acetic acid by expofure to oxygenated muriatic acid 


The aétion of this: acid, cither in its liquid or gafeous fate, upon the other 
acids, has been as yet but.little attended to. It has been faid to unite with, the 
carbonic without altering in any degree the compofition of that acid, 

The combinations of oxygenated muriatic acid with alkalis, earths, and metals, 
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now form a particular clafs of falts. Tt is fingular that this acid, in combining 
with the alkaline carbonats excites no effervefcence. The carte of ‘this fact has 
not’ yet been fatisfactorily explained: We are ignorant whether any combi nation’ 
takes place between the two acids, or whether the want of effervefcence may not. 
rather be owing to the gradual difengagement of the carbonic acid and i its fubfe~ 
quent union with the water of folution. ‘Trommfdorf afferts, that the oxygenat~ 
ed muriatic acid has no yi for Hrd sng via winner, de Chem. Tom. XXIL- 
t ‘ark. Lew RET WOT ae ‘eile 
- Phofphorus, inva high ecniilardais without light, remains wnalteréa’t in | oxygen" 
nated muriatic acid; but, if the light be admitted, the colour of the acid gradu- — 
ally difappears, while the phofphorus is changed into phofphoric acid. © 
The oxygenated mutriatic acid converts fulphur, in the’ light, to” sabptetbe 
acid. It produces the fame change on the fulphures of the fixed alkalis, , ‘During 
thefe proceffes, the Heat orice muriatic acid pantte to the ftate of common fioria™ 
tie acid. stay soniiiot «10d 
“Tn pouring water, faturated with fulpharated hydrogen gas, into’ oxygenated 
muriatic acid, Berthollet obferved, that the properties of this acid were deftroyed, 
and that fulphuric acid was formed. If, on the contr ary, 2 {mall quantity’ of oxy~ 
genated muriatic acid was added to this water, the mixture became’ ‘muddy from 
the precipitation of fulphur. In the firft experiment, part of the ‘oxygen of the 
oxygenated muriatic acid united with the fulphur to form fulphurie acid, and part. 
of it with the hydrogen’to form water ; but, in the fecond, the oxygen anited on+ 
ly with the hydrogen while the fulphur was precipitated. ianivers gts ds 
Oxygenated muriatie acid thickens oils, and animal fats, and renders them lefe 
difpofed'to combine with alkalis.” Oil of turpentine, for- inftance, feemed: to be 
converted by this acid into a kind of refin, a change ae ee to that which i is 


(odie 9 ra 


(ae Pate ee 


produced i in’ this oil By its combination with oxygen.) 1 | iyal 
The action of the oxygenated miuriatic acid’ upon’ metals pret pheriamena 
cktremely carious and important.’ "The oxygen ‘of the acid’ unites with the metal, 
and the’ oxyd produced i is afterwards diffolved by the muriatic acids ° Pyridine 
‘Oxygenated muriatic acid, in the ftate of ras, “exhibits fome biuret ‘different 
from thofe which it poffeffes in the liquid ftate. « gowaw gale Ly 
‘Ifa candle be dipped into i gas, it will buts more ‘rapidly’ thant im common 


He : L2H By omy, 


atmofpheric air. 
Phofphorus inflames’ eit in this gas. Dade the cota ANE, 


phofphorus i is converted i into phofphoric acid, while the fumes of common muriad 

tic acid are difengaged, . anny } gh ED OF GA hina. 
In Weftrumb’s experiments, fulphur was y chai 6 this gas iy) fain 

acid, but no inflammation was produced. a aah sip 
With hydrogen gas it unites with detonation.” The refults of this’ cotibination 


are water and muriatic acid.’ DOI6 9 j gine bhys sare” 
Phofphorated hydrogen & gas ‘burns ‘in this’ gas ‘with. a iki more lively’ uae in 
atmofpherical air, but lefs‘fo than § in oxygen gas.” UAE DEY Gt eres Ie 


Catbon in powder ‘inflames in this gas, and is converted into carbon acid. he) 
fame ae is produced Upon cemnmiott coal i in a temperature ‘of about: 90 of Fahi_ 
heaanetiee LUT OEM GY EO OF imate YU s RGF OKA m Sie aud at SOPRA 

Camphor was converted into an oily fubltance by the oxygenated, muriati¢c a¢ 

nee e. & Ve i 
= but’ we are not told whéther any camphoric acid was formed. 

‘Alcohol fmoked; ‘but ‘did’not’ ‘inflame in this gas; the fmell of hi alechel!’be- 
came very agréable, thotigh no! other feemed to be prodiiced, it ghia a3 


“Rctals inflame’ fpontaneoufly in oxygenated mutiatic acid eas, In making this 


4 
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experiment, the metallic fubftances muft be reduced to the ftate of a powder, and 
employed in the proportion of a grain to two cubic inches of gas. During the in- 
flammation the metals are converted into oxyds, while the gas is reduced to the 
ftate of muriatic acid. 

_ Mercury is the only metal which does not taftanae’ in this gas, but it lofes its 
fluidity, and is converted into an oxyd, 

\ ‘The quantity of the light emitted during inflammation, and *" colour of the 
flame vary greatly in the different metals, 

_ It is not only neceffary, for the fuccefs of thefe experiments, that the tempera- 
ture of the oxygenated muriatic acid gas be from 6@ to 70 of Fahrenheit, but alfo 
that the gas itfelf be in a ftate of purity. It often receives an admixture of azo- 
tic and carbonic acid gafes from the manganefe with which it is prepared. See 
Scheele’s Chemical Effays, p. 90.3 Berthollet Mem. del’ Acad. 1785, p. 296.3 Berthollet 
Elem, de la Teint. p. 232.3 Wefirumb. Annal. de Chem. Tom. VI. p. 24.; Pricfley Ex- 
per. and Obfer. Vol. Wl. p. 235.5 Fourcroy Annal. de Chem. Tom. lV. p. 249.3 Ber- 
thollet Ann, de Chem. Tom. XI. Pp 3- 

_ Weftrumb, Giobert, and fome other chemitts, in diftilling muriatic acid with 
exyd of manganefe, have at different times obferved a fnriall quantity of oil float- 
ing on the furface of the acid in the receivers, Girtanner attributes the formation 

_ ef this oil to the combination of the hydrogen, or éafe of the muriatic acid with 

the carbon of the manganefe. Berthollet, Feurcroy, and Vauquelin, however, 

agree in faying, that this oil is never produced unlefs when fat lutes are ufed to 

confine the oxygenated muriatic acid. See Annal. de Chem. Tom. X. p. 3. 

h The oxygenated muriatic acid, during its action on vegetable colouring fub- 
ftances, is reduced te the ftate of common muriatic acid. Seé Fourcroy Aun, de 
Chem. Tom. V. p. 80.; Berthollet Ann. de Chem. Tom. VI. p. 210. 
~ Several improvements have been made in the method of bleaching firft intro- 
duced by Berthollet. ‘The principal of thefe confift in combining the acid with 
alkalis or lime. In this {tate of combination, it has not been found to corrode, or 
in any way to injure the cloth. This improved procefs is now employed in fome 
of the moft extenfive bleaching concerns of this country, and muft undoubtedly 
be confidered as one of the moft valuable donations which modern chemiftry has 
yet conferred on the arts, See Berthollet Annal. de Chem. Tom. If. p. 151, Tom. 
VI. p. 204 5 ; Kerr's Tranflation of thefe Memoirs; Hanffman Ann. de Chem. Tom. 
Xi, p. , 237.3 Chaptal Mem, de 2 Asad. 1787, p. 61%. 5 Tennant, Repertory of the arts. 


tah q ll. FLUORIC ACID. 


 ® Margraaf, in diftilling fluor fpar with fulphuric acid, faw, with aftonith- 
ment, that the retort was pierced with numerous holes, and that a portion of the 
receiver was alfo diffolved, His refcarches are contained in the Berlin Memoirs 
for 1768. . . 

b Spirit of wine imbibes this gas. The filiceous earth which the gas holds in 


; -folution, is not precipitated by this combination, for the spre of wine continues 


limpid, and is as inflammable as ever. 
Fluoric acid gas diffolves camphor, and is abforbed by allen and by oils {t 


; ‘ has no migsee effect on “nitrous gas. See hc $ es and ti ae Il. p. 


= "Wiegleb Ne “thew the fallacy of this opinion $y a very accurate experimen}. 
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Me weighed his retort and) receiver before and. after the diftillation’ de this ‘eid 
and found, that the lofs which thefe veffels had fultained, exactly cotrefponded 
with the weight ‘of the earth which he obtained. Scheele has alfo given a very 
fatisfatory confutation to the hypothefis of Montet. This. chemift maintained, 
that the fluoric was metely fulphuric acid combined in a peculiar manner with 
the earth of fluor. But Scheele has found by experiment, that the quantity of 
fulphurie acid remaining in'the retort in combination with the calcareous earth of 
the fluor, is always equal, or nearly fo, to that which he te orn ir the Ahem 
iment. See Scheele’s Chemical Efirys, ps t. to ps 67. 

d The fuoric acid has no action on gold, filver, lead, mercury, Sea! dition; 
bifmuth, cobalt, nickel, arfenic, and manganefe, in their reguline fate. It diffolves 
them, however, in that of oxyds. Iron and zinc diffolve in this acid; and. 5: 
folution i is accompanied by the evolution of hydrogen gas. 


IV. NITRIC ACID. 

@ It would have beett more conformable to the principles of the new nd 
imenclature, to have denominated this acid from its bafe, the ezofic acids 

b The nitric acid gives a.yellow colour to the fkin, to filk, and to almoft all. as 
nimal {ubftances. Though this acid deftroys wool and filk, yet linen is little als 
tered by it, unlefs the aie be afterwards expofed to the action of the air. Scheffer | 
afferts, that it may be kept a whole day, without injury, in nitric acid, provided 
it be wathed immediately with water on being taken out of the acid, See Keir’s 
Chemical Diftionary, Pp. 94. . 

© It appears from Mr. Macnab’s experiments, made at Hudfon’s Bay, that ni- 
tric acid may be frozen by expofure to cold; but its freezing point feems to vary 
according to the ftate of the acid. It is worthy of remark, that the. difficulty i in 
freezing was by no means in proportion to the flrength of the acid. ‘See Phils 
Tran. Vol. LKXVIIL p. 166, 

d Bergman fays, that if one fourth of water be added to coucenanted: nitric 
acid, it will acquire a green, if an equal quantity, a blue colour; Pies if more wa< 
ter be added, the acid will again become colourlefs. 

© It continues to give ont heat till it has been mixed with three or four times 
its weight of water. When diluted to this degree, it produces cold by 3 mixing it 
with fnow. ‘Mr. Walker found that the cold, produced by a mixture of fnow 
and nitric acid, at the temperature of 7° of Fahrenheit, was fufficient to freeze © 
mercury. See Phil. Tranf. Vol. LXXXV. p.270. The fpecifie gravity of the 
moft concentrated nitric,acid is to that of water nearly in the proportion of tot to 
12. In this fate it is faid to attra& moifture frem the atmofphere. 

f The addition likewife of any acidifiable fubftance to colourlefs nitric’ acid — 
foon gives it a red colour by depriving it of a portion of its oxygen. A bit of 
cork, for inftance, produces this effect in a very fhort fpace of time. The red 
{moking nitrous acid will become again colourlefs if we fiery admit to. vo 
atmofpheric air; or, more quickly ftill, if we admit oxygen gas, 

& The Petia eel acid may likewife be formed by diffolving the muriats of 
foda or ammoniac in nitric acid, or by pein the nitrat of aa in muriatie 
HEI. wh fay ee a. §; 

Dr. Prieftley procured it by keeping nitrous is in contact ie muriatic add 
till about two-thirds of the gas were abforbed. The acid, by this ert aie 
quired the property of diflolving gold with great readinefs 
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Berthollet remarked, that the nitro-muriatic acid, prepared with nitrous, is 


weaker than that prepared with nitric acid. See Dfex. del’ Acad. 1785, p. 276. 


h This inftrument, fo ufeful ta chemifts, is Subject to many inaccuracies. Ca- 
-wendifh remarks, that there will he a difference ip the refult with the fame quan- 
tities of nitrous gas and atmofpherical air, according to the manner in which thefe 
gafes are mixed together. Mf they be allowed to remain in contact for fome time 
without agitation, the volume of the refidue will be different from what it would 
have been had they been agitated immediately on coming into contact, In his 
experiments, a difference was produced in the refult by mixing the gafes (in the 
fame proportion) in larger or {maller quantities. The refult of this mixture will 
alfo be modified by the itate of the nitrous gas; the quantity of oxygen contain- 
ed in it being found to vary according as the body with which it has been preparé 
ed has a greater or.lefs attraction for oxygen, according to the temperatyre in 
which it is formed, the length of time it has been kept, &c. 

To avoid thefe fources of fallacy, chemifts have had recourfe to other fubftan- 
ces lefs variable in their nature than nitrous gas, Morveau has propofed to employ 
the fulphure of potafh as a teft of the quantity of oxygen gas contained in any ela- 
Ric fluid, When the gas is pure it is wholly abforbed. In making this experi- 
‘ment the fulphure is to he introduced inte a retort, containing the gas to be tried, 
and the flame of a candle applied, fo as to heat it a little. The heat, with gen- 
tle agitation, greatly promotes the abforption. 

From the tendency which muriat of tin has to abforb oxygen, Pelletier propof- 
ed this fubftance as a teft to determine the quantity of oxygen gas contained in any 
elaftic fluid. 

Phofphorus has alfo been propofed ; but this fubftance is liable to feveral objec~ 
tions. The heat excited during its combutftion is often fuch as to break the vef- 
fels in which the experiment is made, nor can we be at all times certain that the 
oxygen gas contained in any elaftic fluid has been entirely coufumed by this fub- 
ftance. Seguin defcribes a very imple mode of trying the purity of any gas with 
phofphorus. It confifts in introducing a bit of phofphorus into a tube 6 or 7 
inches in length, filled with, and iaverted over mercury. The phofphorus is to 
be melted by heat, and the gas to be tried gradually introduced. We judge of the 
quantity of oxygen which it contains from the quantity of gas confumed during 
the experiment. ‘This is the apparatus which Lavoifier employed to afcertain the 
purity of the gafes on which he operated. For a more minute account of this 
fubject, fee Prisfley Exper. and Obferv. firft edition, Vol. IL; : Cavendifo Phil. 
Tranf. LXXIN. p. 106. ; Lavoijier Mem, det’ Acad. 1782, p. 486.3 Seguin Annal. de 
Chem. 'Tom. 1X. p. 293.3 Reboul Do. Do. Tom. XII. p. 38.5 Pelletier Do. Do. Tom. 
XA, p. 240.3; Morveau, Nichelfon’s Fournal, Vol. L. p. 268.; Hatton's Mathematical 
Digionary, Vol. 1. p. 449- 

i The important experiment of Cavendifh has fince been repeated by Van Ma- 
sum and by Lavoifier. 

Van Marum operated on a mixture of five parts of oxygen gas with three of 
atmofpherical air, and continued the experiment till 8 3-4ths cubic inches of gas 
difappeared. In a fecond experiment, 14 cubic inches, and in a third 22, were 
converted by the electric {park into nitric acid. 

. Lavoifier obrained nitrous gas only by pafling the eleétric {park through a mix- 
ture of 20 parts by weight of azotic, and 43 of oxygen gas. But when the gefes 
were in the proportion of 79. of oxygenous to 20 of azotic, he obtained nitric 
acid. In a proportion intermediate between thefe extremes, nitrous acid was al- 
ways produced, . 

2 
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This chemift found, that 40 ounces of oxygen gas were neceflary to iass 66 
of nitrous gas into nitric acid; and he remarks, that during the combination ” 
thefe- gafes, only a very {mall quantity of caloric is evolved. ’ 

Hermbftadt obferved, that fuming nitrous acid was changed into nitric, by die 
ftilling it over the oxyd of manganefe. 

Mr. Milner difcovered another artificial tiode of forming nitrous gas, which 
we have already had occafion to mention in the note on Ammoniac. It confifts — 
in pafling the vapour of ammoniac through an ignited gun barrel, containing 
oxyd of manganefe. The gas which paffes over is a mixture of nitrous and unde-~ 
compofed ammoniacal gas. If atmofpHerical air be admitted to this mixture, the 
oxygenous part of it is abforbed, and white clouds of nitrat of ammoniac inftant- 
ly produced. This experiment did not fucceed with the oxyd of lead. With 
calcined fulphat of foda, hewever, fume ounces of nitrous gas were obtained. 
Mr, Milner remarks, that nitrous gas, and not nitrous acid, was procured, be- 
caufe nitrous acid is decontpefed in the temperature neceflary for the ives of 
this experiment. : 

The fame combination has beeti produced, but in a different manner, by Four- 

croy. He diffolved fulphat of mercury in ammoniac, and obtained from the fo» 
lution nitrat of ammoniac, nitrat of mercury, and a portion of a triple falt, re- 
fulting from the combination of fulphuric acid, ammoniac, and mercury. He 
found alfo, that by diffolving oxygenated muriat of mercury in ammoniac that @ 
triple falt is formed, confiftitig of nitric acid, ammoniac, and mercury. In thefe 
experiments, a part of the azote of the ammoniac unites with the oxygen to 
form nitric acid, while the hydrogen unites with another portion of oxygen to 
form water. Chemiftry now poffeffing, adds Fourcroy, the means of forming 
‘ammoniac, by decompofing the nitric acid with fabiflatices which have a ftrone 
affinity for oxygen, and of forming nitric acid, by pinta ammoniac vee 
fubftances which are highly oxygenated. 
In pouring concentrated fu]phuric acid on liquid Pruffiat of foda, vadhjacts abt 
ferved that an elaftic fluid was difengaged, which had the {mell and colour of 
nitrous gas. It produced the fame apparent effect alfo when mixed in'y atmof- 
pherical air. ’ . 

The facts which prove the decompofition of the nitric vic $ are not lefs numes 
rous. vie 
Scheele obferved, ie if colourlefs nitric acid be Aseres for fome sae to the 
folar light, it becomes of a red colour, while a portion of its oxygen is difen- 
gaged under a gafeous form. Dr. Prieftley found, that thefe changes” could be 
effected in a much fhorter period by ufing a burning glafs. vas 

If the vapour of nitric acid be made to enter into an ignited earthen tube, oxy« 
gen gas, with an admixture of azotic, will pafs over into the receiver. “Nitrous 
gas fubjected to the fame procefs does not undergo any change. ’ , 
If nitrat of potafh be expofed to heat in clofe veffels, its acid will be decompo 
fed. A very copious extrication of oxygen gas takes place, which is mixed,‘to- — 
wards the latter ftage of the procefs, with azotic gas. If the heat be vial 
intenfe and Jong continued, pure potafh will be left in the retort. The weight 
of the two gafes when collected, will be found to correfpond bl exadtly v with 
the weight of the acid which has been decompofed. - | 

Dr. Prieftley obtained oxygen gas by pafling the electric fpark through nitric 
acid; but, in fome fituations, a change of a contrary nature takes place. If ni- 
trous gas be expofed to electric faccuflions, nitrous, or nitric acid, is formed,’ and 


uzotic gas difengaged. If the experiment be made over water, the water ac- 
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quires acid properties; if over a folution of potafh, nitrat of potath will be 
formed. In all thefe cafes the nitrous gas is reduced to about one-third of its ori- 
ginal volume, and is after the experiment found to confift chiefly of azotic gas, 
When mercury, however, is ufed to confine the nitrous gas, the gas i< decompof- 
ed, and the mercury converted into an oxyd. 

The combinations, as they have been termed, of this acid with inflammable 
bodies, exhibit fome of the moft ftriking and curious phenomena in chemiftry, 
In all of thefe, this acid is conitantly decompofed. ,We are acquainted with only 
four fimple bodies which do not produce this effec, Thefe are, the diamond, 
gold, filver, and platina. 

If charcoal, deprived by heat of the air which it ufually contains, be put. into 
nitric acid, a mixture of carbonic acid and nitrous gas will be evolved. Lavoifier 


_ obtained the fame refult, by condudting heated nitric acid over charcoal. If ni- 


trat of potafh be mixed with carbon, and fubjected to the procefs of diftillation, 
carbonic and azotic gafes are difengaged. The fame change happens when thefe 
two fubftances are expofed to the naked fire. In all thefe inflances the oxygen of 
the nitric acid quits its bafe, azote, to unite with the carbon, with which it 


_ formas carbonic acid. 


Scheele found, that phofphorus, by digeftion in nitric acid, was converted into 


the phofphoric acid. Lavoifier prepared a great quantity of the phofphoric acid 


by this procefs, and thinks that it may be employed with advantage when we with 
to procure this acid in a {tate of purity, Chaptal made a variety of experiments with 
regard to the action of the nitric acid on phofphorus. If a drachm of fmoking cons 
centrated acid be poured on two drachms of phofphorus, a fpontaneous inflamma. 
tion takes place. If a larger quantity of acid be ufed, the phenomena are fome- 
what different. Small air bubbles appear on the furface of the phofphorus, an 
effervefcence takes place, and nitrous gas is difengaged. We remarked, that the 
phofphorus burns only when it comes into contac with atmofpherical air ; for by 
fixing it down to the bottom of the veffel containing the nitric acid, it was dif- 
felved without any inflammation. In thefe experiments, it feems almoft fuper- 
fluous to remark, that the oxygen of the nitric acid unites with the phofphorue 
to form phofphoric acid. 

Chaptal obtained 4 ounces of concentrated fulphuric acid, by diftilling 48 oun. _ 
ces of pure nitric acid over 2 oumces of fulphur. The fulphures of the fixed al 
kalis decompofe nitrous gas, by depriving it of its oxygen. The fulphur is by 
this procefs converted into fulphuric acid, which forms a fulphat of the alkali. 

Pyrophorus inflames in nitrous gas. This is diminifhed by the inflammation 
about one half in volume, while it is converted into azotic gas. 

Hydrogen explodes with nitrous gas fully better than with atmofpherical air. 

Metallic bodies decompofe the nitric acid, while the oxygen of the acid unites 
‘with the metal, and forms an oxyd. The other conftituent part of the acid is 
difengaged in the form of nitrous or of azotic gas. 

Milner found, that by pafling the vapour of nitric acid through ignited iron 
filings, pure azotic gas paffed over into the receiver. The refult was the. fame 
with copper. If the vapours were made to pafs over too quickly, the azotic al- 
ways contained an admixture of nitrous gas, Dr. Prieftley expofed iron filings 
an nitrous gas to the action of a burning glafs. The gas was decompofed, and 
the iron converted into an oxyd. Wan Marum remarked, that tin, lead, iron, 


and mercury were all oxydated, by*taking the electric fpark in contaé& with 


¢hem in nitrous gas, Iron long expofed te nitrous gas gives out ammonias. The 
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azote in this inftance can only be derived from the nitrous gas, the hydrogen from 
the decompofition of water. ‘This decompefition is more quickly effected, by — 
.. putting bits of iron in a felution of copper in the nitric acid. Morozzo rid 3 ; 
ed mercury into an oxyd, by fimple agitation in nitrous gas. | ' 

Oils, as we fhall afterwards have occafion to remark, poffefs the, property oF 
decompofing nitric acid. Some of them do this with a rapidity, heat, and flame 
which is truly aftonifhing. Moft of the effential, and even fome of the fixed oils, 
affume an orange colour, and thick refinous cenfiftence, from the action of | Nie 
trous pas. ‘The refidue, after thefe changes, is faid to be azotic gas. aid 

We fhall afterwards have occafion to remark, that many vegetable fubfances 
are converted into acids hy decompofing the nitric acid. Similar changes are 
produced by'its action on animal fubftances. But thefe will require a more minute — 
eonfideration than can with propricty be given to them in this place. See Caven- 
nifo Phil. Tranf. Vol. LX XIV. p. 119. Vol. LXXYV. p- 372. Vol. LXXVITI. p- 
261.; Van Marum Sfourn, dé Phy/. Juillet 1787, p. 348.5 Lavoifier Mem. dition 
2776, p 673.3 Prigfley Exper. and Obfer. Vol. ¥. p. 328. Vol. Tl. p.2 Vol. IL p-T- 

‘baptal Mem. del’ Acad’ %779, Pp. 454-3 Lavoifier Do. Do. 17785 Ps 535-3 1 yes dior 
Pox Do. 1780, p. 349-3 Bertholict Do. Do. 1784, p.-21, 228,234. § Milner Phil. Eee 
Vol, LXXITS, Pp. 30°. 5 Fourcroy Annal. de Chem. Yorn. VI, Pp. 295. 

k There is ftill another combination of azote with oxygen which deferves, to. 
ke mentioned. Tt was firft diftovered by Dr. Pricflley; but its nature and (pro- 
petties have been fince more minutely imveRigated by a fociety of Dutch chemifts, 

A candle burns in this gas with an increafed and lively flame. ‘Tt is diftin~ 
euithed from nitrous gas by producing no vifible change on atmofpherical air. 
Nitrous gas has ne action on this fubitance ; ‘neither does it fulfer any change by 
tnixing it with oxygenated muriatic acid gas. Dr. Priefley fays, it is lighter than 
atmofpherical air. Water abforbs about one-half its own bulk of this gas, but 
does not from the abforption ecquire any marks of acidity. It retains all its pro- 
perties unchanged, after bei@g again expelled from the water by heat. This gas 
has ho apparent action oh my of the alkalis, The addition of * a little ammoniac 
to water, prevents it from being abforbed by that liquid. It ts very noxious to 
animals. If lighted phofphorus, charcoal, or fulphur, be introduced into this gas, 
they are inftantly extinguifhed, without any previous increafe of flame. ‘It. eX- 
plodes, however, violently with hydrogen gas. It feems to be decompofed by 
expofure to a high temperature; for after being fubjected to this, its volume i is 
_ confiderably diminifhed by mixing it with nitrous gas. Similar effects are pro- 
duced on it by frequent fuccuffions of the electric fpark. 

Dr. Prieftley, from fome theoretical opinion which he entertained with regard 
to the nature of this gas, gave to it the name of dephlogifiicated nitrous air. The 
Dutch chemifts, in conformity with the principles of the new. nomenclature, call 
it the gafecus oxyd of azote. The propriety of the latter appellation will appear, by 
confidering fome of the circumiftances in which it is formed, 
If nitrous gas be kept for fome time in conta@ with iron filings which have 
been moiftened with water, it fuffers a confiderable diminution of volume, andi ig 
converted into the gafeous oxyd of azote. : 

Nitrous gas placed over folutions of the fulphures of potafh and foda, affords 
the fame gas. During this Hee the | nee gas is diminithed about two. 
thirds i in volume, : 

Muriat of tin in conta& with nitrous gas changes it into the gafeous. ea 

pzote, in SRSA Uetat a of the great affinity which this fubitance hag for. sit | 
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The gafeous oxyd of azote may likewife be obtained, by keeping nitrous. gas in 
_ contact with a weak folution of tin in ammoniac. The copper in this folution is 
__ known to poffefs the property of attracting oxygen from the atmofphere, 
__, This gas is procured, though in a lefs pure flate, by pafling nitrous gas through 
4 fiaitea fulphur, which is kept in a red heat. 
_» Hf phofphorated hydrogen gas be mixed with nitrous gas, the volume of the 
two gafes will be-diminifhed in the courfe of an hour or two, and a candle will 
then burn in the refidue, as in the gafeous oxyd of azote, 
__. This gas isJikewife obtained in circumftances fimilar to thofe in which nitrous 
gas is obtained ; and there is reafon to believe, that in many inflances thefe two 
@uids have been miftaken for each other. The Dutch chemitts found, that in dif- 
— folving iron filings in a mixture of diluted fulphuric and nitric acids, hydrogen 
gas was firft evolved, then the gafeous oxyd of azote, and afterwards nitrous gase 
_ » The folution of iron, zinc, and tin in diluted nitric acid, is accompanied with 
_ therdifengagement of the gafeous oxyd of azote. If the acid be employed in the 
_ goncentrated ftate, nitrous gas alone will be produced. 
- «The gafeous oxyd of azote is formed during the folution.of tin in diluted 
nitro-muriatic acid, but in lefs quantity than when nitric acid is employed, 
q This gas is produced alfa in great abundance, by heating nitrat of ammoniac 
an clofe veffelswwith three times its volume of fand. ‘The fand is ufed to prevent 
too rapid difengagement, which would otherwife take place. 

It appears from thefe.experiments, that the gafeous oxyd»of azote is uniformly 
produced, when fubftances having a ftrong affinity for oxygen are brought into 
contac with nitric acid, or with nitrous gas; and confequently, that it differs 
from thefe fubftances in containing a lefs quantity of oxygen. The Dutch che. 
_ mils have endeavoured to afcertain:the proportion of oxygen in this fubftance, 
_ iby the quantity of hydrogen which it is able to confume. In a Xoo parts of this 
gas, according to their ecitimate, the proportion of the oxygen was to that of 
the azote as 37 is to 63. It feems only necefiary to add to this account, that the 
_ oxygen in the gafeous oxyd of azote appears to be very clofely combined with the 
azote, fince it can neither be feparated by the fulphures of alkalis, muriat of tin, 
falphur, phofphorus, nor carbon, It is fomewhar fingular, that hydrogen fhould 
-alone poffefs this property. During its detonation with ekcyS and phof- 


_ phorated hydrogen gafes, the hydrogen alone was confumed, 
) Azote, the feparate exiftence and peculiar nature. of which were-firft sdifeowered 


_ by Dr. Rutherford, appears, therefore, to be capable of being united to oxygen 
hh a following proportions : 


Oxygen.  Axote. 

[apy | Nitric acid, - 79. +. 23 
b ted) Nitrous acid, - 95 hearer 
Phe Nitrous gas, : et er 
api Bred) 2 ' Gafeous oxyd of azote, 37. + 63 
Atmofpheric air, 27. kins 93 


; "See Priefley’ s pend and Obfer. Vol. Ul. p. §4.3 Deiman, Trootzwick, 9c. Yourtiy 
, fe Phyf. Juillet t793,p. 321. Ruthsaford De dere Mephitico, p. 19 


«ee 7 “SULPHURIC ACID. 
a kes 2 From this property of ihe fulphuric acid, it has been propofed to sansey it 
asa hygrometer, to afcertain the quantity of moifture contained in any given pore 
a the Pia ane ei Lan gegit of moifture abforbed by this acid is 
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found to vaty, according to the ftrength of the acid, the extent of ders sil 
pofed, its temperature, &c. 

b The congelation of the fulphuric acid by cold, is a fac& that was known +4 
many of t the older chemifts. It is mentioned in the works of Kunkel, Bohn, 
Boerhaave, and Newman. Morveau found, that concentrated fulphuric acid be-. 
gan to congeal at —- 16° of Reamur’s feale. It was changed in freezing into a 
whitith mafs fimilar to fnow. The acid at the bottom of the veffel was not 
congealed. On dropping a bit of iron, or even calcareous.earth, into this acid, 
no effervefcence, no apparent action, was produced, owing, as Moryeau fuppofes, | 
to the extreme low temperature of the acid. In this ftate alfo it was not difco- 
loured by vegetable or animal fubftances. Sulphuric acid frequently affumes the 
concrete ftate in degrees of temperature confiderably above that of freezing wa- 
“ter. Morveau obferved, that fulphuric acid which had been once contealed, uns 
derwent that change afterwards in a higher degree of temperature than acid: 
which had never been congealed. The fame obfervation was made by Mr. 
M‘Nab, in his experiments at Hudfon’s Bay. The difficulty of ‘congelation in 
ghis, as in the nitric acid, does not at all feem to depend on the ftrength of oe 
acid This will appear very evident from the following flatement: | °. 


a a 


Sulphuric acid of the flrength of At the temperature of 
977 | “ froze = $12 ct Sel 
918 e . “5 2G ‘ 
By687 9 AR: gh 6, 
758° cd ihaeebite o SaoApata oir . 


© The temperature prodvted by this combination is often fo high as to boil 
water. Lavoifier and La Place mixed two pounds of concentrated fulphuric acid 
with one and a half of water, at the temperature of zero. The heat refulting- 
from this combination melted three pounds, two ounces, twe gros of ice; a quan-— 
tity equal to what would have been melted by two pounds, Sen) oupees, feven gros 
forty- five grains of boiling water. 

d There is only a very few of the metals that are dire@ly foluble. in concen- 
trated fulphuric acid. If iron ‘and tin be diffolved in fulpharic acid, thefe metals 
deprive it of its oxygen, while fulphur, the other conftituent part of the acid, is 
difengaged. But with moft of thefe bodies the prefence of more or lefs water in 

.the acid is required, In this cafe it becomes evident, from the evolution of hy- 
drogen gas, that it is the water, and not the acid, which is decompofed.  « «' 

Fourcroy has lately had occafion to change his opinion refpecting the action of. 
the fulphuric acid on vegetable and animat fubftances. In an excellent memoir © 
which, Vauquelin and he have publifhed on this fubje@, thefe chemifls affert, that — 
during this action no decompofition of the acid whatever is produced. They at- 
tribute the changes which occur to the new affinities introduced among the confti- 
tuent parts of the animal and vegetable fubftances. If the acid be added to a ~ 
vegetable fubftance, it becomes diluted, a proof that water has been “formed, 
Acetous acid will be found to exiit in the product, and a wee of puye carbon : 
will be feparated in the folid form. 

Animal bodies, in addition to the carbon, Livdrosin. and oxygen of which vee 
getables confift, are found to contain a quantity of azote. When fulphuric acid, ¢ 
theta is added to animal matter, the azote unites with a portion of. the tel . 
drogen to form ammoniac; while another portion of the hydrogen unites with | 


the oxygen to form water. See Anal, te Chem, Tom, XXII. p. 186, 
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re Prieftiey, Berthollet, ‘and Bergman affert, that fulphurecus acid depofits a 
portion of fulphur when expofed to a high temperature, and that by this means it 
is converted into fulphuric acid. Fourcroy tried repeatedly to effe@ thefe chan- 
ges, but without fuccefs: 

~*~ Oxygen gas, in the ordinary temperature of the atmofphere, combines, though 
very flowly, with fulphureous acid. This combination is promoted by the pre- 
fence of moifture; but it is not fufficient to change this acid into fulphuric, In a 
a high temperature, on the contrary, the oxygen combines réadily, and ‘fulphuric. 
avid is immediately formed: 

- Sulphureous acid gas combines readily with water cooled down to the freezing 
point by ice. During this combination; the ice is fpecdily melted. Hf the liquor 
formed be expofed to a high temperature, it begins to boil; a number of {mall air 
bubbles rife to the furface, and the liquor lofes by this operation a part of ite 
odour and acidity: 

This gas combines readily with fulphuric acid in a low temperature. The mix- 

‘ture producéd, freezes a few degrees below zero. When a piece of this folid fale 
is laid on a warm glafs plate, st effervefces, and foon becomes liquid and odorant. 

Oils imbibe fulphureous acid gas in the proportion even of fix or eight times 
their own volume. It is imbibed alfo by fulphurie ether, and poffeffes the pro- 

erty of diffolving camphor. See Berthollet Mem. de Acad. 1782, p. 519.3 
oh Any: de Chem. Tom. IL p. 54.3; Laveifier Mem: de P Acad: 1777, p. 
398.3 Fourcroy, Nicholfon’s Fourn. Vol. 1. p. 313: 

- £ Dr: Prieftley obferved, that by burning fulphut in atmofpherical air, the air 
Was dithitfiflied r-16th; and that the water over which the experiment was made 
had acquired an acid tafte. Scheele found, that atmofpherical air was diminifhed 
t-6th, and oxygen pas 3-4ths, by the combuftion of fulphur. And Kirwan adds, 
that during this procefs 100 grains of fulphur abforbed 420 cubic inches of oxy- 
gen gas. But it is to Lavoifier that wé are indebted for the firft accurate account 

. @f the compofition of fulphuric acid. . ae ; 

This chemift found, that atmofpherical air was diminifhed from 1-8th to T-roth 
6f its volume by the combuftion of fulphur; while, at the fame time, a quantity 
of contentrated fulphurie acid was formed. The weight of this acid correfpond- 
éd exadtly with the fum of the weights of the fulphur ahd oxygen gas confumed. 

We have already had occafion to mention the formation of fulphuric acid, by 
diftillig nitric acid with fulphur: ‘This procefS was knowa in the laft century, 
and is deftribed by Motte la Favear in a work publifhed in 1671, See Yourn, de 
Phyf. Jan. 1789, p.74. The fulphureous acid likewife attracts oxygen from the 
hitric acid, ahd is by this converted into fulphuric acid. 

Ifa drop of water be let fall on heated fulpher, the water will be decompofed, 
hydrogeri gas evclved, and fulphuric acid produced. If we melt fulphur and 
either of the fixed alkalis by heat, pulverize the mafs, and expofe it in open vef- 
{els to a flow fire, the fulphur will combine with the oxygen gas of the atmo- 
fphere, and a true fulphat of feda or potafh will be produced. sista 
~ S$alphutic acid is produced by diftilling oxygenated muriatic acid with fulphur. 

“Tf the oxygenated acid in its gafeoas ftate be brought into contact rice faiphs; 
tedus acid gas, the two gales lofe their elafticity, and become liquid. W hen 
thefe acids are added together in the liquid ftate, their colour and necniies, odants 
‘Gifappear, and the mixtare produced is found to confit of fulphuric and muriatic 
Atids. Morveau fays, this effect takes place even without heat. v 

~~ Sulphuréots acid is likewife formed, by riggers 4 with the oxyds of 
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mercury, lead, iron, tin, and-manganefe. During this procefs; the fulphur feizes 
on the oxygen of the oxyd, while the oxyd is mere or lefs same ea iitntielie. 
the ftate of a metal...) 4/03 

We have ftill another proof of the formation of the fulphuric aa in hal has, ; 
béen termed the vitriolization of. martial pyrites. his fubftance confifts of i iron 
and fulphur. On being expofed to a moift atmofphere, the {ulphur and iron ab, 
forb oxygen gas, and are by this procefs, converted. into a dulphatis af iron, See. 
Haffenfratz Fourn. de Phyf. Jeun £737; pe4i fo ; Lil 

Nor are the proofs of the decempofition of fuiphosies aid els numerous. ys 
diftilling equal quantities of concentrated fulphuric acid and iron filings,’ Monnet 
obferved, that fulphur was fublimed into the neck of the retort. During this, 
procefs, a portion of the iron had been oxydated, and had united with the acid te. 
form a fulphat of iron. Gian 

In diffolving four ounces of mercury in fix of psPMapc.vcgras: fulphuric acid, rien 
voifier obtained fulphureous acid ¢ds, with an admixture of atmofpherical air, and 
fome oxygen gas. He expofed two ounces of the fulphat of mercury to a high 
temperature, and obtained a {mall quantity of fulphureous acid gas, with 87 cubic: 
inches of oxygen gas. 

In diftilling concentrated fulphuric acid. with iron, Dr. Prieftley cuncnad a great 
quantity of fulphureous acid, and only a very {mall quantity of hydrogen gas. | 

Sulphuric acid. is\ faid to give out oxygen gas, and to bscaung coloured and 
fuming by expofure to the rays of the fun. 

. Trootzwick and Deiman obtained oxygen’ gas, by paffing the esi fpark 
through concentrated fulphuric acid. Wan Marum found, that, the volume of 
the fulphureous acid gas was diminifhed by the pafflage of this fluid. And Drs 
Prieftley remarked, that in making this experiment the infide of the glafs was. 
covered by a blackith fubftance. 

Iron immerfed in fulphureous acid gas, and expofed to the rays of the rene in 
the focus of a burning glafs, becomes oxydated, while a portion of the fulphur i is 
depofited' on the fides of the veffel in-which the experiment is performed. _ 

: Geoffroy long ago underftood the method of decompofing the various combina- 
tions of the fulpburic acid, by diftilling them with oil, fpirit of wine, relin, car~ 
bon, &e’ He cenee ter that in his experiments a quantity of fulphur was al- 
ways produced. . 

Metals in the flate of senda decompofe, in a a firong heat, the fulphat of pot- 
ath. They unite with the fulphur, and form a kind of artificial pyrites. : 

Van Mons: decompofed fulphuric acid, by digefting powder of charcoal for 
fome time in a folution of fulphat of potath. .During this precefs, carbonic acid 
gre was evolved. By pafling the fulphuric acid through, ignited charcoal, the ; 
fame effeébis produced. . This decompofition does not take place in the cold. 

Sulphat of potafhexpofed to the action of a burning glafs in hydrogen gas, is 
éonverted to the ftate’of a fulphure or separ. The hydrogen in this experiment. 
combines with the oxygen of the fulphuric,acid to form water. : 

“tf fulphuréous aéid gas and hydrogen gas be paffled through a well hestea glafs 
or porcelain: tube, in the proportion of three parts of the latter to one of the 
former, the falphureows acid gas will be decompofed, fulphurated hydrogen. gas 
produced, and a quanitity of. fulphur set ta in a folid form. 

Sulphureous acid gas. is decompofed by phofphorated hydrogen gas. As foon ap 
the gafes come into contaét, white’ fumes appear, and they lofe their elafticity,. 
"* yellow matter is depofited, which feems to confift of a mixture of phofphorus:. 
and fulphur. In this experiment, the hydrogen alone combines with the oxygem: 
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Sulphtrated hydrogen gas alfo decompofes fulphureous acid. The hydrogen 
dinites with the oxygen of the acid, and the fulphur is depofited. The fame ef- 
fcéts happen when thefe fubftances are diffolved in water If they be mixed it. 
proper quantities, the odour peculiar to both will be completely deftroyed. See 
Morveau, Article Acide Vitriolique, Encyclopedie Methodigue, p- 353-3 Scherer 


Grundxiige, {. 107.3; Scherer Nachtrage, {. 474. 


& Another combination of fulphur with oxygen has been defcribed by fome 
chemifts. The proportion of oxygen which it contains is faid to be greater than 
that of fulphuric; and hence it has been termed oxygenated fulphuric acid, It muft 
be confeffed, however, that the exiftence of this combination is ftill a matter of 
doubt, fince fome of the moft refpectable chemifts have in vain tried to pro 
eure it. See Giobert Ann, de Chem. Tom. KI. p. 178.3; Vauguelin Ain de Chem, Ti 
VIL p. 287, 
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-, » WGHABTER G4 sucha aca aati 
ORDER II. SECONDARY, OR stellen SALTS, pater 


Denis the name of fecondary falts, we comprehend fuch iat 
tersas are compofed of two primitive faline fubftances combined 
together. Thefe falts are called neutral, becaufe they do not 
poflefs the chara€ters of primitive falts; that is to fay, they are 
neither acid nor alkaline. There are, however, many falts, fuch 
as borax, chalk, and alkalis, when united with the carbonic acid, 
which exhibit fome of the properties of primitive falts, though in 
a lefs eminent degree. Thefe fecondary falts have not fo ftrong 
atafte as moft of the primitive, their tendency to combination, 
and their folubility being lefs confiderable; but the criterion 
which diftinguifhes them more efpecially from the former is, 
that they cannot, like the primitive falts, communicate the faline 
properties to other bodies; their cryftalline form is likewife a 
character much attended to by naturalifts, and fometimes indi- 
cates their nature, though it may be productive of error when too 
much depended upon. | 

‘The term, bafe, is commonly applied to the more fixed mate 
ter which enters into’ the compofition of neutral falts. As this 
bafe, which is fometimes volatile, communicates feveral general 
characters, fufficiently uniform in the feveral combinations it 
makes with acids, we fhall afflume the name of the bafe to di- 
ftinguifh the genera of fecondary falts, and fhall therefore divide _ 
thefe falts into as many genera, as there are faline or alkaline ba. 
fes capable of being united with acids. } 

The firft genus comprehends fuch as are. formed by ef union _ 
of fixed alkalis with acids. We fhall call them perfect neutral’ 
- falis, becaufe the union of their component parts is very inti- 
mate. 

The fecond genus sriebudttg fach as are formed by the peat! 
nation of the volatile alkali or ammoniac with acids. They are 
diftinguifhed by the name of ammoniacal falts, from that- which 
has been given to their bafe by later chemifts. They may like- 
wife be called imperfect falts, becaufe they are much more eafily 
Ses than falts of the firft genus. 


’ 
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' In the third genus are arranged fuch neutral falts as have lime 
for their bafe. They are in general’ lefs perfe& than thofe of the 
fecond genus, though lime has a ftronger affinity to acids than 
ammoniac. Thefe falts are denominated neutral calcareous falts. 

Magnefia, combined with various acids, conftitutes the fourth 
genus. ‘They are more decompofable than thofe of the laft men- 
tioned genus, becaufe lime and alkalis have a ftronger affinity 
with acids than magnefia. They are diftinguithed by the name 
of magnefian neutral falts. ; 

The fifth genus comprehends fuch as have pure argillaceous 
earth or alumine for their bafe. As alum is the principal of thefe 
combinations, the generic name of a/uminous falts is given to them. 
Alkalis, lime, and magnefia, in moft inftances, decompofe falts 
with an aluminous bafe. 

Laffly, We arrange in the fixth genus, neutral falts, with a 
bafe of barytes or ponderous earth. Thefe falts, as well as moft 
of the two preceding genera, are little known. We fhall call 
them barytic falts. 

‘Tt may éafily be imagined, that thefe bafes, combined with the 
ssi whofe properties we have examined, muft afford a great 
number of neutral falts; and that this number would be ftill 
more confiderable, if, with Bergman, we were to admit, as pe- 
culiar falts, the union of the fame fubftances with the acids which 
he calls phlogifticated, and are, according to the modern doétrine, 
deprived of a part of their oxygen. But thefe compounds not be- 
ing durable, but, on the contrary, fubject to alteration, by the 
contact of air, which caufes them in a fhort time to become true 
neutral falts, [have not judged it. neceflary to add them to the 
number, but fhall point out fuch of their different properties as 
depend on the ftate of their acids. We mutt likewife obferve, 
‘that the alkaline bafes here enumerated, when combined with 
aqua regia, afford nitrous and marine falts, which may be ob- 
‘tained feparate, and are perfectly fimilar to thofe afforded by the 
unmixed acids ; we fhall therefore {peak of thefe combinations 
in treating of thofe of the fimple acids. As we have not hither- 
‘to examined any but the fix principal acids, we fhall treat only 
of the neutral faline combinations of thefe. 

’ In the arrangement of the various’ neutral falts, we have fol- 
lowed the order of the affinities of the acids. That is to fay, we 
_ *hegin with fulphurie falts,:after which we place nitric falts; and 
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after: them, the falts i into which the muriatic, the boracic,. and the 
fluoric acids enter ; and, laftly, we fhall finifh thefe details with, 
the falts. which. contain carbonic acid, becaufe. that acid:i is the — 
weakeft of them all. To. denote all thefe falts, we fhall adopt 
names compofed of the acids, and their bafes, in order that this 
nomenclature may exprefs, the nature of each, and that there, may 
ARO longer be any error on this paint ; we fhall be careful to, join, 
a table, to exhibit the different names which cach, neutral fale hag 


received at different times. ies 


Grune é  Perfedt Neutral Salts, or Salts with Bale of fi fixed > 
Alkali: A 


Species i. Sulphat of Potafh. 


| Sulphat of potafh calli likewife ma By tartaty fil t, a 
bus, polychreft falt, or arcanum duplicatum, is a perfec neytral falt, 
refulting from the combination of the fulphuric acid with potafh, 
as its. mame: indicates. » It rarely exifts in the mineral kingdom, 
but fome vegetables contain a {mall quantity of it. 

‘This falt is ufually tranfparent and regular; its cryftals. vary sat 
form and magnitude, according to the circumftances in. which 
they are obtained. When cryftallized flowly in the {mall way, 
it has. the figure of tranfparent pyramids, with fix fides, nearly 
fimilar to the points of rofe diamonds, and fometimes fix-fided : 
prifms, terminated by one or two hexahedral pyramids, like 
rock cryftal. But if the evaporation be conducted with rapidity, 
the cryftals are agglutinated and confounded, under the form of 
a folid cruft, whofe furface is full of irregular points or pyramids 
the falt met with in commerce is.of this kind. . Lely, When 
the folution is expofed to {pontaneous, evaporation, the. cryftals 
are frequently twelve-fided, confifting of two hexahedral pyramids, 
-united at their common bale, and fometimes feparated by a fhort 
fix-fided prifm. It is true, that thefe laft cryftals are ufually foul, 
and never poffefs either the whitenefs or the tranfparency of fuch 
as are obtained by the firft evaporation, . But this difficulty exifts 
in moft of the neutral falts, in which the moft regular figure, 
and the moft perfeé& tranfparency, are feldom united... 

_ Sulphat of potafh has a. bitter, difagreeable tafte. It is not 
much altered by the ation of heat; when thrown on red-hot 
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— goalsy it flies into a number of {mall fragments, attended with 


noife; this phenomenon, called decrepitation, depends on the 
fudden rarefaétion of the water contained in its cryftals. Sul- 
phat of potath lofes none of its effential properties by this decre- 
pitation. It decrepitates in the fame manner, and becomes dry, 
friable, and even pulverulent, by the Jofs of its water, when ex- 
pofed to the action of heat in a crucible. It becomes red-hot be-~ 
fore it melts, and is not fufed but by the application of a confi- 
derable degree of heat. The melted mafs, when fuffered to cool, 
is Opaque, and not, at all changed in its principles; for folution 
in water reftorés its cryftalline and tranfparent appearance. If it 
be kept in ftrong fufion, in an open veffel, it is volatilized with- 
out decompofition. 

Sulphat of potafh is not changed by expofure to air, but pres 
ferves its figure and tranfparengy without alteration ; it is fpa- 
ringly foluble in water; and the quantity taken up varies confi+ 
derably with the temperature of the fluid. According to Spiel- 
man, about 18 parts of cold water are required to diffolve one of 
{ulphat of potath, whereas boiling water diffolves near one-fourth: 
of its weight; for Baume afferts, that 4 ounces of boiling 
water diffolve more than 7 gros 48 grains of fulphat of potafh*: 
it cryftallizes partly by cooling, and ftill more by evaporation: it 
retains but a {mall proportion of water in its cryftals, which feems 
to be the caufe why it does not change by expofure to air. 

Sulphat of potafh does not a& onthe fimple earths: it has 
been obferved, that the fulphat of potafh cafually contained a- 
mong the falts ufed as fluxes in the making of glafs, is found 
again in the feorie ; and a confiderable quantity may be obtain- 
ed from glafs gall. 

. Barytes decompofes fulphat of potafh, according to Bergman, 
becaufe it has a ftronger affinity than potafh to the fulphuric acid. 
If a {mall quantity of this earth be added to a folution of fulphat 
of potafh, a precipitate is formed, confifting of fulphat of barytes 
or ponderous foar, which is perfeétly infoluble, and will be exa- 
‘mined under that bafe ; the potafh, in its cauftic and pure flate, 
remains diffolved in the liquid. 

Lime and magnefia produce no change in fulphat of patti 


% That is to fay, 234 grains of boiling water, diffolve 552 of vitriolated tate | 
tar.« T. - - + 
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but many acids have a very confiderable ation on it.’ Roueliés 
firft affured us, that it is poffible to combine d larger quantity” 
of fulphuric acid with it than it naturally contains. His pro= 
eels confifted in diftilling concentrated fulphuric acid over ful- 
phat of potafh; the latter thus becomes impregnated with the 
acid, and acquires new properties, fuch as thofe of reddening 
tincture of violets, of being more foluble in water, acid tafte, 
and of effervefcing with alkalis, faturated with carbonic acid, 
even after folution and cryftallization. Baumé infifts, that this 
fuperabundant acid is not really combined, and that the falt 
_ may be'deprived of it, by being placed on bibulous paper, or 
fand. Macquer, however, remarks, that the fulphuric acid 
adheres with confiderable force to fulphat of potafh, and thinks 
that this adherence arifes from a peculiar affinity between thefe 
two fubftances, fince, according to him, it cannot be deftroyed 
by the ation either of fire or water. I have feveral times made - 
this combination of fulphat of potafh and concentrated falphuric: 
acid, after the mannner of Rouelle, namely, by diftillation in glafs: 
retorts, and have obferved feveral facts not mentioned in the 
earned differtation of that author.’ The fulphat of potafh is 
melted into a kind of glafs, of the appearance of white enamel, 
of a very acid tafte ; but this vitreous frit did not attra@ the hu» 
midity of the air, but, on thecontrary, exhibited appearances of 
efflorefcence, when the acid formed only a fourth of the whole. 
The opinion of Macquer, that the adherence between this neu- 
tral falt and the acid is confiderable, appears to be well founded, 
and doubtlefs arifes from a peculiar combination. 4 odou 
Baumé has obferved, that fulphat of potafh is remarkably af. 
fe€ted by the acid of nitre; if this fluid be boiled on the falt, 
the nitric acid feizes the potafh, and. difengages the fulphuric 
acid. When the mixture is cooled, a cryftallization of true nitre 
is perceived. -It was at firft concluded, that this decompofition | 
is the effect of heat; but the fuming fpirit of nitre, poured on 
fulphat of potafh in powder, depofits cryftals of nitre at the end 
of 2 few hours. It has likewife been affirmed, that when the 
mixture becomes cold, the fulphuric acid refumes its power, and 
decompofes the nitrat of potafh in its turn. I have neverthelefs 
kept by me, for feveral years, a mixture of fulphat of potath, 
and {pirit of nitre, at the bottom of which are faline cryftals, 
capable of detonating on hot coals, which are not changed, 


= 
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si they are immerfed in the fulphuric acid,.feparated by the 


nitrous. Cornette has obferved, that the concentrated muri 
atic acid likewife decompofes fulphat of potafh, even in the cold, 
From thefe two facts, it feems, that the law of affinity, with res 
{pect to the different acids, is not fo conftant as has been thought : 
it muft, however, be obferved, with Bergman, iff, That no more 
than one third of the fulphat of potath is decompofed in thefe 
experiments. 2d, That thefe decompofitions do not take place, 


~unlefs the fulphat of potafh contains a {mall proportion of acid 


more than is neceflary for its neutralization *. 3d, That the af- 
finity of fulphat of potafh for fulphuric acid, is the true caufe of 
thefe decompofitions, and that the fulphat of potafh undecompo- 
fed, is very acid. 

There is a decompofition of fulphat of potafh, which requires 
to be more particularly attended to, and is effected by combutti- 
ble bodies, particularly charcoal, and feveral metallic fubftances +, 
If a mixture of this falt and charcoal be ftrongly heated in a crue 
cible, the fulphat of potafh will no longer appear, but a combi- 
nation of fulphur, united to fixed alkali, will be found in its 
ftead. Stahl regarded this experiment as a very proper de» 
moniftration of the prefence or exiftence of phlogifton. Modern 
chemifts account for the fa& by the pneumatic theory. We 
fhall explain both in the Hiftory of Sulphur. . 

One hundred parts of cryftallized fulphat of potafh contain, 
according to Bergman, about 52 parts of potafh, 4o of eel 
acid, and 8 of water of eryltallization, 

This falt rarely exifting in confiderable quantities in nature, is 
produced artificially for the purpofes of medicine. There are three 
methods of doing this: firft, By direétly combining fulphuric 
acid with potath, fulphat of potafh is immediately produced, 
which may be cryftallized by folution in water. The fecond 
method is, to decompofe, by the fulphuric acid, fuch neutral falts 
as are produced by the union of potafh with other acids, fuch as 
the nitrat, the muriat, and carbonat of potafh, &c. in thefe de- 
compofitions, fulphat of potafh is always produced. ‘The third 
method is, to decompofe the earthy and metallic fulphuric falts by 


ee 


* This curious fubject is ably treated of by Bergman, in his Differtation on 


Elective Attractions, See page 47, Englith edition. 


; ; See my Memoires de Chimie, page 225.—-Note of she authors 
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means Of potafh. The datter precipitates the’ falino-terreftrid) 
fubftances, or the metallic oxyds united with fulphuric acid... We | 
fhall defcribe the two laft methods of preparing fulphat'of . pot« 
ath, when we come: to treat of the neutral falts cmp in its” 
ae ora om Thay 
» Sulphat of potafh is not ufed, except in medicine; itis a good 
purgative, and is fometimes given alone, in the dofe of -half an 
ounce or anounce. It is moft commonly adminiftered in a dofe 
of one or two drachms, together with other purgative medicines. 
it is likewife ufed as a folvent in chronical diforders, and efpeci+ 
ally in coagulations of the milk; it is then given in dofes of afew 
drachms, in proper liquids ; but its virtue, in this refpedt, is in- 
ferior to that of many other more foluble ‘and lefs naufeous falts, 
The fulphureous, or fulphuric acid with excefs of fulphur, united 
to vegetable alka, forms a falt fomewhat different from the pre- 
ceding, which Stahl called fulphureous falt, and which we shall 
name fulphite of potafo. This falt cryftalizes in polyhedrons 
swith ten faces, or in two tetrahedral pyramids, truncated at their 
bafes. tis very bitter, very foluble, and -flightly deliquefcent ; 
almoft all the mineral acids, and. feveral vegetable acids, difen- 
gage the fulphureous acid inthe formof gas, with effervefcence. 
‘When expofed to the air, the fulphite of potath: ise sinha 
oxygen, and becomes fulphat of potafh *. 3 . 


Species II, Sulphat of Soda. sah 


Sulphat of foda, named till. now Glauber’s falt, from eho name 
of .aGerman chemift, who difcovered it, 1s perfectly neutral, 
‘and confifts of the fulphuric acid, united to the «mineral alkali, 
or foda. This falt has many of the properties-of {ulphat of pot~ 
ath, and others which are peculiar tovitfelf ; it 1s-equally eryftal- | 
‘lizable ; is rather infufible; is foluble in water; and»doees not u- 
nite with earths. Like fulphat of potafh, itis partly decompofed 
by the nitric and muriatic acids; yet it differs greatly, in many 
of its properties, from that falt, as will appear more, il in-the 
detail, sere tit 

The fulphat of Gadatig dually ipodiebeesmull vom lat outialei 
_either tranfparent or femi-opaque. Its cryftals are prifms, with 
fix unequal and ftriated fides, terminated with dihedral fummits... 
“But they have not often this regular form, but are fubject to very 
confiderable variations, as Romé de Lifle has, fhown at large i in 
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his Creftallographie. ~ Its cryftals likewife vary in fize from that 
of very fine prifms or fmall needles, to that of large prifms, 


“mear an inch im diameter, and fix oreight inches in length, which 


are obtained in cryftallizations in the large way. The tatte of 
this falt is at firft cooling, and is fucceeded bya trong bitter. Tt 
does not alter blue vegetable colours. ) 

_ Expofed to heat, it melts quickly, and foon after becomes we 


‘atid of an opaque white appearance, in which ftate it cannot be 


melted but by a confiderable heat, like the fulphat of potafh. On 
this occafion, it is neceflary to diftinguifh two kinds of fufion, 


of which faline matters are capable. The firft, called the aque- 


ous fufion, is produced by the water which enters into the for- 
mation of their cryftals. It obtains-only in fuch falts as are more 


foluble in hot than:in cold water; whence it follows, as a con- 


fequence, that the water, which enters into the formation of the 
eryftals, by being fo heated, is rendered capable ‘of’ diffolving ‘tite 
faline matter. The aqueous fufion is therefore merely a folution 
in hot water. The fulphat of foda, therefore, after this fufion, 
aflumes a concrete form by cooling; but if the heat be urged, it 
becomes dry and white, and another fufion enfues, which is cal- 
Jed the igneous fufion, becaufe produced merely by the fire. 
Sulphat of potafh appears to be as difficult to melt as fulphat of 
fodas and, like that falt, is volatilized by a violent heat, without 
fuffering any alteration in its principles, 3 

After the-efcape sof the large quantity of water contained in 
the cryftals‘of fulphat of potath, it becomes converted into a fine 
white:powder by ‘expofure to the air. ‘This phenomenon is term- 
ed ¢, fiorefcence, ‘becaufe the pulverulent down of the cryftals re- 
{embles, in whitenefs and form, thofe matters which are obtain- 
ed in chemiftry under the improper name of flowers. As this 
falt falls into powder when ‘in ‘contact with air, merely from the 
lofs of its water of cryftallization, the effloré{cence proceeds more 
rapidly when the air is very dry, and confequently greedy of 
moifture, The phenomenon of efflorefcence ‘is therefore very 
analogous to the drying of ‘this falt by heat, “both depending fm- 
ply on the evaporation of the water, which is a conflituent part 
of the cryftals. But, as'the water which enters into the cryftals 
of fulphat of foda, and, in general, of every cther efflorefcent 
falt, :is truly combined, the efflorefcence appears to take piace by 
virtue of a kind of elective attraction between air and water 
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which is greater than between water and the faline matter. 
have always confidered efflorefcence as a phenomenon of this nae 
ture, and fee no other way of explaining it. (Confult my Jem 
moires de Chimie). The fulphat of foda lofes near half its weight. 
by efflorefcence, but its properties may all be reftored, together 
with its cryftalline form, by the addition of the water it had loft. 
Though no medical author has attended to this circumftance, it ’ 
is certainly of confequence to afcertain the quantity of water 
which the fulphat of foda lofes by efflorefcence, that the dofe of 
the falt prefcribed may be always of the fame ftrength. It fhould 
be given with a dedudtion of about one third of its weight when 
in efflorefcence, compared with the fame weight 1 in a pare 
yent cryftals. . 

The fulphat of foda is very foluble in suid four parts of the 
fluid being fufficient to diffolve one of the falt; and a lefs quan- 
tity will ferve in proportion as its temperature is higher : boiling 
water diffolves nearly its own weight of this falt, . It is not this 
property that the method of cryftallizing it is founded. A ftrong 
folution of the falt being left to cool, affords cryftals fo much the 
amore beautiful, in proportion as the quantity of matter is larger, 
and the cooling more flow and gradual. When the operation is 
performed in the large way, ftriated prifms, of feveral: inches in 
length, are often obtained, in which the regular figure of the | 
falt may be feen. 

‘The iulphat of foda has no more aétion on filiceous and sti 
minous earths than fulphat of potafh, and does not enter into 
the formation of glafs.. Barytes decompofes this falt, but the 
falino-terreftrial matters have no action whatever upon it. tes 

Pure and cauftic potafh, mixed with a folution of fulphat of 
foda, decompofes it, becaufe of the ftronger affinity of that al- 
kali to the fulphuric acid. To fhow this fact, cauftic potafh muft 
be poured into a hot and faturated folution of fulphat of foda. 
This folution, which would have afforded cryftals of this latter 
falt by cooling, affords only fulphat of potafh by ve eee 
and the mother water contains the cauftic foda. 

The fulphuric acid combines with fulphat of foda, i in the fame 
manner as 1t does with fulphat of potafh. ~ eee 

The nitric and muriatic acids decompofe fulphat of foda i in the © 
fame manner, and are attended with fimilar appearanced t to ace 
jnentioned in treating of fulphat of potathe 0 hehe Seema 
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» When fulhat of foda is ftrongly heated with charcoal, or with 
certain metals, the fulphuric acid paffes to the ftate of fulphuric, 
as we fhall obferve in our hiftory of that fubftance. 

“All the properties in which fulphat of foda differs from ful- 
phat of potaih, fhow that the two fixed alkalis, which perfectly 
refemble each other when confidered in a ftate of purity, are cer~ 
tainly different, fince they form very different falts with the fame 
acids. The proportion of the component: principles is likewife 
very different in the two falts we have compared together, a cen- 
__ tenary of fulphat of foda containing, as Bergman finds, 15 parts 
_ Of foda, 27 parts of fulphuric acid, and 58 of water. 

_ . This falt is much more abundant in. nature than fulphat of 
potafh: It is found in confiderable quantities ia the waters of 
the fea, of falt {prings, and efpecially in many mineral waters : 
it can always be produced by art, by the three methods fpoken of 
in the article of fulphat of potafh. It is not employed in the arts, 
but is much/ufed in medicine; it is given asa cathartic medi. 
cine, from half a drachm to an ounce and a half, according to cir- 
cumftances: Its effects-are more confiderable and f{peedy than 
thofe of fulphat of potafh, becaufe it is more foluble in the fluids 
of the animal economy, and becaufe its taite is more penetrating. 
We are {till ignorant of the properties of fulphat of foda, or.of 
the combination of fulphureous acid with the mineral alkali >. 

Species III. Nitrat of Potath, or Common Nitre. 

»°The nitrat of potafh, common nitre, or faltpetre, is a perfect 
neutral falt, formed by the faturated union of the nitric acid 
with potafh. Its tafte is cooling, and it does not alter the colour 
of fyrup of violets. Its cryftals are fix-fided prifms, terminated 
by dihedral pyramids, or cut off with a flope, and often perio- 
rated quite through in the direction of their axis. 

 Nitre exifts in large quantities in nature, and is continually 
formed in inhabited places; it is found in great quantities upon 
walls which are fheltered from the rain; it is then called falt- 
petre, or nitre de houffage. 

There appear to be three principal circumftances that promote’ 
its formation; the firft is, the prefence o® chalk, or any other 
calcareous falt, as appears by its being colleted from walls co- 
vered with-plafter, or from the ruins of ancient edifices. ‘This 
falt is likewife found perfectly pure in chalky earths. The Duc 
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de la Rochiefoucault obtained it, in the proportion of one ource 
in the pound, from the chalk of Roche Guyon. Rhy Rta Age 
The fecond circumftance neceffary for the produ€tion of ‘this 
falt, isthe putrefa€tion, or fpontaneous decompofition of vege- 
table and aniimal matters. It is a well known faét, that places 
which are moiftened with animal liquids, or contain animal mate 
ters ina ftate of pttrefaCtion, fuch as dunghills; ftables, privies, 
&c. produce much nitrat, of potafh, This conftant obfervation 
has been applied to the oe of artificial nitre beds. Dry 
ditches are dug and covered with fheds open at the fides; thefe 
are filled with animal fubftances, fuch as dung, the excrements 
of quadrupeds, or birds, with the remains of vegetables. Thefe 
rhatters are from time to time watered, efpecially with water 
charged with animal or vegetable matters capable of putrefaétion, — 
and they are turned up to renew their furfaces from time to time. 
When the putrefadtion i is in an advanced ftage, a fmall portion | 
of the matter is taken up and lixiviated, to afcertain whether it 
contains nitre; and when it is found fufficiently charged with 
that falt, the whole is lixiviated, . | 
pyr he: third circumftance which is found to favour the scuba 
a of nitreé, is the accefs of air; this is the caufe of the for- 
mation of the nitre found on walls, and for this reafon it is that 
nitre beds require to be frequently turned over, in order that the 
air may touch them in all points. The neceflity of the accefs of 
air is ftill more evidently fhown by the nitre contained in chalk,. 
as it is never found below a certain depth. » When: the: three 
cireumftances here treated of are united, the production of falt~ 
petre is very abundant. Nitre beds ought ie to be veniam : 
ed on thefe principles. yan hit 

The theory of the formation of nitre ht not sian Lcigeé achabions 
Glauber, and many other chemitts fince his time, fuppofed nitre 
to exift ready formed in vegetables, from which they imagined 
it to pafs into animal fubftances, and to become difengaged by 
putrefaction ; but it, was foon perceived, that vegetables do not 
contain a fufficient quantity of nitre to account for what is ob- | 
tained from nitre beds. Mr. Thouvenel, whofe differtation on 
the formation of nitre was honoured with the prize of the aca- 
demy, has made many) experiments to difcover its origin: he 
found, that the nitric acid is formed by the combination of an 
elaftic fluid, difengaged ‘from animal matters in a ftate of putre- 
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faction, and pure air. He has likewife difcovered, that the ni- 
tric acid, once formed, combines with calcareous earth, when 
only animal matters are made ufe of; and that the remains of 
wegetables are ufeful to afford the fixed alkali, or potafh, which 
is the bafe of common nitre. But Mr. Thouvenel did not de- 
termine the nature of the gas, which is difengaged from putre- 
fying animal matters. It is to’ Mr. Cavendifh that we are in« 
debted for the proof that it is the fame gas which conftitutes on¢ 
of the principles of the atmofphere, under the name of phlo- 
gifticated air, atmo{pheric mephitis, or azotic gas. He has form- 
ed the true nitric acid by the combination of this gas with vital 
air, by means of the electric fpark a. 

The nitrat of potath is very fubje& to alteration by heat: it 
is quickly melted, and its fulion is of the igneous kind ; for it 
may be kept fluid for a confiderable time, and even made red 
hot, without afluming the pulverulent form: when fuffered to 
cool, after being melted, it fixes in an opaque mafs, called cry- 

Stal mineral, which is as heavy, as fufible, and as foluble in wa- 

ter, as the nitrat of potafh itfelf. The cryftal mineral of the 
thops differs from pure melted nitre, for it contains a fmail quan- 
tity of fulphat of potafh, produced by the combutftion of the 
fulphur, which, according to the Paris Pharmacopeia, is in the 
proportion of a drachm in the pound. 

If melted nitrat of potafh be expofed to the continued a€tion 
of the fire, it becomes decompofed, and is alkalized without ad- 
dition. This operation fucceeds equally well ina retort, and af- 
fords much inftruction refpecting the compofition of the nitric 
acid: inftead of obtaining the pure acid, a large quantity of an 
aeriform fluid is difengaged, which may be collected under wa- 
ter, and is found to be vital air mixed with azotic gas. The al- 
kaline refidue ufually caufes the retort to melt, and prevents the 
completion of the operation. Here we fee the nitric acid con- 
verted entirely into vital air and azotic gas, by means of light 
and heat, which feparate its two principles, If the heat be not 
urged fo as entirely to decompofe the nitrat of potafh, the alkali 
remains charged with a certain quantity of nitrous acid, or nitric 
acid, with an excefs of nitrous gas. This acid may be difen- 
gaged by means of vinegar; but if the nitre be’ more: ftrongly 
heated, the falt in this ftate is termed witrit of pota/h, on account. 
of the ftate of the nitrous acid which it contains, in the fame 
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gnanner as Wwe term the combination of the fulphureous acid: with 
this alkali,” the fulphat of potafb. ‘The alkali temains pure: and 
cauftic. From the, facility with which heat decompofes nitrat 
of potath, we may obferve, that in the making of cryftal mi- 
neral, the falt ought not to be kept in fufion too long, left the 
quantity of difengaged alkali fhould become’ too confiderable, 
and’ render the effe& of the medicine more wenenn emai’ 
tended. 3 cotedeady 
) When*nitrat of potath is dciiotd to din in were with 
combuftible bodies, it is decompoted with other appearances; a 
white and ftrongly brilliant flame is produced, together with a 
kind of decrepitation. This phenomenon is called:the detona= _ 
tion of nitre, and is a character by which it is eafily known. 
Stahl fuppofed it to arife from the rapid combination’ of thevni- 
trous acid withphlogiftons and Mr. Baumé, in. conformity to 
this theory, thinks that a nitrous fulphur is formed, and inftantly 
fet on fire. In the year 1780, I read a. memoir at the academy, 
in which I proved that nitrat of potafh is not combuttible, and 
that a nitrous fulphur is not formed during its detonation but 
that the phenomenon arifes from the rapid combuftion of the 
body added to the nitre, which is affifted by vital air difengaged 
from nitrat of potafh ftrongly heated. This theory is complete- 
ly proved from the confideration, 1/7, That this falt never deto- 
nates without addition. 2d, That during ‘the’ detonation of — 
nitre, by the addition of inflammable matter, the latteris en- 
tirely confumed. 34, Becaufe the combuftion of the inflam- 
mable matter is more complete, the larger the proportion of ‘ni- 
trat of potafh. 4th, and /afly, Becaufe the detonation of nitrat 
of potafh takes place as well in clofe veffels as in the open air, 
which could not be effected but by means of thewitalairafford= 
ed by that falt.. This affertion is clearly proved bythe procefs 
for making the clus of nitre, which is merely a:detonation of 
this falt with different combuttible matters, in clofe veffels:we 
fhall only mention, in this place, the operation made with the | 
addition of charcoal. Two or three large receivers, adapted to- 
gether, are applied to a retort of earth or iron, in'the upper: part 
of which laft is‘an- aperture, which may’ be clofed with a cover 
or ftopper.” ‘The veffél is heated, and when its botrom is ‘red, 
~the mixture of nitrat of potafh and charcoal is ‘thrownin by 
{mall quantities at a time, through the aperture, whicha 
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mediately clofed. | During the detonation, the receivers are filled 
_ with-vapours, part of which condenfeés into an infipid liquor, not 
_ at-all-acid, but frequently alkalines the refidue confifts of potath | 
_ charged with carbonic ‘acid, the nitric acid being entirély des 
ftroyeds: “A large quantity of gas is produced, which T have cols 
leéted, by adapting to the upper part of the receivers,» tubulated 
for'that ‘purpofe, either a bladder,) or tubes, whofe ‘extremities 
‘were received under glafs vetlels filled with water. ‘This gas: con- 
‘fitted, for the moft part, of carbonic acid, mixed with a {mall 
‘proportion of inflammable gas and azotic gas, which is one of 
the principles ‘of nitric acid. ‘The inflammable gas comes from the 
‘decompofition of a portion of the water of nitre by the charcoal. 
wThe refidue; ‘after the detonation of nitrat of potafh with 
‘charcoal ‘in a'crucible, is improperly called mitre fixed by charcoal; 
‘itis potafh combined with carbonic acid ». ; “ | 
“Very pure nitrat of potafh is not at all altered by expofure to air. 
It is very foluble, three or four parts of cold water diffolving 
one part of nitre; and boiling water diflolving twice its. weight. 
It therefore cryftallizes by cooling; and on this property is 
‘founded the art of extraéting nitrat of potafh from the old pla- 
fteror rubbith'in which it is contained. The faltpetre makers 
put the pounded rubbith into a cafk, with a hole in the bottom, 
and» cover it with ‘athes, Through this matter water.1s pafied, 
are being taken tov pour the firft water upon fuch matter as has 
already been wathed, that the falts may be entirely extracted 5 
andsthe water, which is already partly impregnated, is patled 
through cafks loaded with unwathed rubbiih, in order that it 
qmaybe entirely faturated, This lixivium is evaporated by heat 
in-copper veflels. The firft pellicles, confiiting of muriat of foda, 
of marine: falt, are taken out. ‘They call this falt grain, and 
sate obliged by the* regulations to carry it to» the refuing 
shoufes.» ‘When the water is fufliciently, evaporated . to. be- 
come nearly folid in cooling, they pour it into veflels, where 
the falt. cryftallizes. This nitrat of potafh, which is very 
impure and dirty, is called nitre of the firft boiling. Some 
‘chemitts have thought, that the afhes ufed by the faltpetre ma- 
kers ferve only to deprive the nitrat -of potath of certam grealy 
‘impurities ; and this opinion appeared probable, from the confi. 
*detation that thefe afhes contained fearcely any fixed alkali fl and 
“pore efpecially as the afhes of tamariik ai only fulphat of 
ai iij 
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foda. But this falt, as well as fulphat of potafh, is as fervice= 
able for decompofing the calcareous nitrat which abounds in the 
rubbifh, becaufe it a€ts by the way of double affinity 3 as\ Mr. 
Lavoifier has obferved with refpect to the lixiviated afhes ufed | 
by the faltpetre makers at Paris. We fhall treat more — on 
this fa€ét when we {peak of calcareous nitrat. | wd Maoist 

Nitrat of potafh, of the firft boiling, is always very inant 
it contains five other kinds of falt, namely, murtat of foda, nie 
trat of magnefia, calcareous nitrat, muriat of magnefia, and cals. 
careous muriat, which muft be: feparated before the. nitrat-of 
potafh can be had in a flate of purity. This.is:done by rediffol-. 
ving it in the fmalleft poflible quantity. of »water, and clarifying. 
this boiling liquor by the addition of bullock’s blood, which ecar-. 
ries all the impurities to the top of the liquor in the form of. 
{cum, by virtue of the property of coagulating which the alus 
minous coagulum pofieffes. This fecond lixivium is evaporated, 
and affords a much purer nitrat of potafh, ‘called nitre of the fe= 
cond boiling 5 it is {till vitiated by a certain quantity of muriat 
of foda, and mother water.) It is purified.a third time, by: re=. 
peating the fame procefs, and is then much whiter. This is 
nitre of the third boiling. As it is cryftallized haftily, it has the 
form of large mafles, of a confufed. figure; there: is formed, 
however, in the middle of the veffels, a bed of Jong and regue 
larly formed cryftals, called nitre in fticks, which is not ufed in 
making good gunpowder, becaufe it retains a greater quantity. of | 
water in its cryftallization than the nitre in large irregular bien 
and is confequently lefs proper for combuftions». 2's) peele 

Chemifts and apothecaries: purify nitre of the third sidan 
new folutions and cryftallizations, by which means they are cer= » 
tain of having very pure nitrat of potajh, uncontaminated by 
any foreign matter, efpecially the muriats- with bafes of foda, 
lime, and magnefia, which are pneeaay ever taken viene entirely 
in the manufactories ¢ ¥, ot) 


3 There i is no faé& more fingular, in the opinion of ra tonalited and chemifls, 
than the production of fix fpecies of falts in old mortar, and efpecially the con- 
fant union of each alkaline bafe toa peculiar acid, ‘The potath is always found 
united with the nitri¢ acid, and the foda with the muriatic acid. "There feems to 
bea peculiar relation between thefe different primitive falts, by which they are 
mutually applied to each other ; for elfe, w hy fhould not the muriat of potath, or 
nitrat of foda, be found $ > The fame obfervation may be made refpecing” the 
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Nitrat of potafh appears to be acted on by filiceous earth, 
fince its acid may be obtained by diftillation with fand; this acid 
comes over colourlefs, but emits fome vapours; the refidue is 
more or lefs vitreous, according to the quantity of fand made 
ufe of, and the degree of heat applied ; the fand appears to de- 
compofe the nitrat of potafh by its tendency to combine with its 
alkaline bafe, fince, in diftillation, without an intermedium, it 
affords pure air, mixed with azotic Bas, inftead of nitric acid. 
{apprehend that this happens, becaufe, in the diftillation of ni- 
trat of potafh without an intermedium, the alkali reaéts on the 
acid, and contributes to its decompofition ; whereas, when this 
falt, mixed with fand, is expofed to heat, the latter fubftance 
tending to unite with the alkali, and form glafs, prevents it from 
reacting on the acid, which therefore comes oyer unchanged. 
Argillaceous earths likewife decompofe nitre. The clay com- 
monly ufed is coloured. The diflillers of aquafortis in Paris 
make ufe of an earth of the fame kind; they introduce two 
pounds of nitre, of the fecond boiling, with fix pounds of co- 
loured clay (of Gentilly), into earthen retorts of a peculiar form, 
termed cuines, which are placed in a row, on long furnaces, cal- 
led galleries ; their necks are inferted in bottles of the fame form, 


which ferve as receivers. By this means they firft obtain a tran- 


{parent liquor, fcarcely acid,’ which they call phlegm of aqua- 
fortis, which is followed by the acid itfelf, more and more con- 
centrated ; the refidue is a red and hard earthy fubitance, which 
is ufed as a kind of mortar. This experiment is far from proving 
that clay decompofes the nitrat of potafh; for, 1/7, The diftillers 
employ a very impure nitre, which contains much nitre with an 
earthy bafe. 2d, They make ufe of a very compounded clay, 
which is often loaded with pyrites, whofe fulphuric acid may 
decompofe the nitre. To afcertain whether fuch a decompofition 
takes place, the whiteft clay, or, which is ftill better, the bate 
of alum, oralumine, ought to be ufed. This earth not having 
fo {trong a tendency as fand to unite with alkali, and not form- 
ing glafs with that falt, will not probably decompofe the nitrat 


Pi falts. In fa&, the quantities of muriat of magnefia, and of calcareous ni- 
trat, greatly exceed thofe of nitrat of magnefia, or calcareous muriat; whence is 
appears, that magnefia has a peculiar affinity with the muriatic acid, and Aye 
with the nitric acid. Note of the Author. 
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of potath fo completely as fand. Mr. Baumé, however; affirn 


that he obtained the acid of nitrat of potath by. the. addition»of ; 


porcelain, and of clay baked into ftone ware, which do not con- 


tain'the fulphuric acid *, though he was of opinion that, the dee 3 


compofition of this falt was aes toa paetion of that acid. con- 
tarniedsin: claysos wos jin : Sele siheceatado 


+ Barytes decompofes  nitrat a sta and: partes the alkali. 
Bergman, in his table of affinities, places this falino-terreftrial | 


fubftance before the alkalis, and mene otnedarennapet 
acid. Ding MY SNS Py he Swi 
Magnefia, lime, and. alkalis, have no cae on mest TR. pluto! 


The acids have.a very ftrong action on this: falt, epecially she 


dolphin acid, which has a ftronger affinity with alkalis tha 
nitric. If concentrated fulphuric acid be. poured: on malades 
—nitrat of potath, a confiderable effervefcence: is» produced, and 


red vapours efcape, which are nitrous acid. When the operas 


- tion is made in a retort with a receiver, this acid, known under 
the name’ of the fpirit of nitre, is colleéteds This procels. is 
called by the name of Glauber’s method. of diftilling f{pirit, of 
nitre, becaufe that chemift firft deferibed it in an. intelligible 
‘manner. It is neceflary to leave a {mall perforation in the recei- 
ver for the efcape of the vapours of the nitrous acid... It.was 
remarked, that thefe vapours being very dificultly., condenfed, 
occafioned two principal inconveniencies. The firft, was, the lofs 
of a confiderable quantity .of the {pirit of nitrey which was dif- 
fipated by the aperture: the fecond confifted: in the. danger in- 
curred by the. operator, from the asiid and corrofive vapours, 
Mr. Woulfe, a learned Englith chemift, has contrived a method 
of remedying thefe inconveniencies..  Inftead of employing a 

perforated receiver, he. ufes a receiver. with, two necks, juke 
neck fartheft from the retort confifts of a tube: bent at right 
angles, the one part» being, horizontal and) the other: vertical ; 
which laft is inferted in the neck of a bottle. From the fides of 
sei proceed two viet fimilar to that: ith Nii sehigh 
: ee ‘siiih two others, whofe lateral ai ceranee remain n open. 
The firft bottle is commonly empty; the collateral ‘bottles con- 
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* “Prete as well as al other natural clays, contain a large proportion of fii. 
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tain each-a certain quantity of water, in which the inferior extre- 
mitiés:of'the tubes of communion are. plunged, the upper parts 
of the bottles remaining empty, The acid vapour, which is 
_ conducted by the tubes into the water, is there condenfed, either 
totally or in part, ‘The part which efcapes is conducted to the 
fucceeding bottles; fo that no part of the acid is loft, and the 
operator is not in the leaft incommoded. . A quantity of vital air, 
which is difengaged, pafles out at the apertures of the exterior 
bottles, where it might be collected by a proper apparatus if ne. 
ceffary. 

‘There is a principal silica ntomt derived. from this ingenious 
contrivance, which mutt. not »be pafled over in filence. At the 
endiof ‘the operation, when the vefiels are fuffered to cool, a vas 
cuumis formed within; and the external air prefling on the fur- 
face of the water in the laft open bottles, forces it to return by 
the tubes into the firft collateral bottles, and from them into the 
bottle neareft the receiver, If the firft bottle were not empty, 
and of »a fufficient magnitude to contain all the water of the fal- 
lowing bottles, the acid liquors: would pafs into the receiver ; 
and as. the ftrongeft nitrous acid is contained in that veflel, it 
would be diluted by the addition of the fluid contained in all the 
bottles, This inconvenience would be {till more prejudicial in 
other diftillations we fhall have occafion to fpeak of, where it 
would not only diminifh the force, but lieegee alter the pny 
of the product. 

To perform this diftillation in a ada 4 four powiids of 
pure nitrat of potafh, fufed into the form of mineral cryftal, is 
put into a tubulated ftone-ware retort, placed in a reverberatory 
furnace. Tubulated retorts of glafs may likewife be ufed, with 
a fand bath. ‘Two pounds and a half of concentrated fulphuric 
acid is poured at once through the tube, and the aperture is {top- 
ped. ‘The apparatus we have juft defcribed, and which we fup- 
pofe to have been prepared and put together the evening before, 
muft be adapted and expeditioufly luted. The heat muft be gra- 
dually raifed till nothing more comes over. ‘The difengagement 
and paflage of gas through the water in the bottles ferve to direc 
the operator in managing the procefs. If it be too rapid, the 
heat muft be diminifhed, left the whole mafs in the retort fhould 
fwell up and pafs into the receiver. “If, on the contrary, it be 
too flow, the fre mult be raifed, to prevent abforption. “This 
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valuable apparatus has, therefore the additional advantage of dis. 
reCting the operator to conduct his procefs to the beft nares 
tage. 

‘The sefidue of sis edineapichiiel confifts of fulphat of hig i 
formed by the union of the fulphuric acid with the alkaline bafe- 
of nitre.. This refidue is known in pharmacy by the name of /a/ 
de duobus, or arcanum duplicatum, It is ufually in the form of a 
white femi-vitrified mals, full of cavities, produced during its 
{welling up by the heat ; and it is very acid, on account of the | 
excefs of fulphuric acid made ufe of, which is alfo the caufe of 
its melting more eafily, as we have obferved in the hiftory of ful- _ 
phat of potafh. The ftrong heat made ufe of in this procefs, oc 
cafions the nitrous acid to be very red. and.fuming, by difenga- 
ging a portion of its vital air; and as it is always vitiated with a | 
certain quantity of fulphuric acid, it muft be rectified by diftil- 
ling it a fecond time from one-fourth of its weight of nitre. Ve-_ 
ry pure nitrats of potafh mutt be ufed, in order to obtain nitrous — 
acid, whofe effects can be relied on. The acid. obtained from 
nitre of the fecond boiling contains muriatic acid, and is a kind 
of aqua regia: diftillation, properly managed, will feparate the 
marine acid, as Meffrs. De Laffone and Cornett have fhown*.s |. 

-Concrete boracic acid decompofes nitre. by the affiftance of 
heat, and difengages its acid in a confiderable degree of concens . 
tration’; this decompofition is produced by virtue of its fixity, as » 
the acudemicians of Dijon think. It muft, however, be attribu- 
ted, no doubt, in part, to the attraction between boracic acid, . 

and the potafh of the nitre. 

Nitrat of potafh is of great ufe in the arts: it is the PE cP 
ingredient in gunpowdey, which we shall {peak of under the ar- 
ticle of fulphur. . Burned with different proportions of tartar, it 
forms the fubftances called fluxes, which are employed i in the art 
of aflaying, to fyfe and reduce metallic fubftances. 

It is frequently ufed in medicine as a febrifuge cea aintin | 
feptic falt ; it is adminiftered in any convenient liquid, from ten 
or twelve grains, to the quantity of half a drachm or more; and. 
it daily produces the moft happy effects. : | ar 


Species J IV. Nitrat of Soda. 4 
Nitrat of foda, which has been called cubic, quadrangular, of 


* Memoirs of the Academy for 1781, ages 653, 656. 
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rhomboidal nitre 1s the perfect neutral falt refulting from the 
combination of the nitric acid with foda. 

It is ufually formed in regular rhomboidal cryftals, % confi- 
derable magnitude ; and is therefore more properly called rhom- 
boidal nitre. - 

Its tafte is cooling, and rather more bitter-than that of nitrat of 
potafh. « 

Fire decompofes it ; but it decrepitates, sad does not melt fo 
eafily as the nitrat of potafh ; but, like that falt, it gives out vital 
air, mixed with azotic gas, at the fame time that it becomes al- 
kalized.. 

It is flightly deliquefcent when expofed to air. 

It is more foluble in cold water than the common nitre, two 
parts of water, at the ordinary temperature of fixty degrees, dif- 
folving one part of the falt: it is fearcely more foluble in boiling 
water, and cannot therefore be had in regular cryftals, but by 
flow evaporation. When a clear folution of this falt is expofed 
in a dry place, rhomboidal cryftals, upwards of half an inch, and 
fometimes an inch long, are obtained at the end of fome months. 
This procefs, in general, is the beft for cryftallizing fuch falts as 
are equally foluble both in hot and cold water. 

Nitrat of foda detonates on coals, and caufes the complete 
combuftion of inflammable bodies; if it is heated, the detona- 
tion is fomewhat lefs rapid than that of nitrat of potafh. 

Siliceous earth combines with its bafe, and difengages the ni- 
tric acid; clay likewife feparates the acid, and affords a refidue in 
the form of frit, which is porous and opaque when a ftrong heat 
has been given. 

Barytes decompofes this falt, and difengages the foda. Mag- 
nefia and lime do not fenfibly change it. 

Potafh has a ftronger affinity than its bafe with nitric acid, with 
which it forms nitrat of potafh ; this decompofition is very eafily 
fhown. If a heated folution of nitrat of foda be divided into two 
parts, and cauftic potafh be added to one of them, it will afford 
prifmatic cryftals of nitrat of potafh, during its cooling; but no 
cryftals will be obferved in the other part, becaufe nitrat of foda 
does not cryftallize by mere cooling, without evaporation. _ 

The concentrated fulphuric acid, added to nitrat of foda, dif- 
engages the nitric acid with effervefcence. Nitric acid is obtain- 
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ed by diftillation from the mixture ; the other mineral ‘acids’have: 
no more aétion on this falt than-on common nitre. © 90 oes 
~The neutral falts hitherto examined, namely, the fulphat of 
potafh and foda, and nitrat of potafh, produce no effe@ whatever 
on nitrat of foda: if thefe falts be diffolved together im the fame 
water, they cryftallize: feparately, and ‘each in its ordinary’man- — 
ner: the nitrat of potafh, and fulphat of foda, by coolings;!and 
‘the falphat of foda and nittat of foda; by evaporation: Albthefe 
propetties fhow, that nitrat of foda differs from nitratiof “potath 
invits form, tafte, deliquefcence, folubility, cryttallization: by» evae 
poration, and efpecially its decompofition by potafh. —) soeusied 
Nitrat of foda has: mot yet been found im: nature, but is always 
produced by art,:according to one of the five following:methods ; 
14, Vheedire@ union of the nitric acid with foda.'2d, By des 
compofing earthy nitratsy ammontiacal nitrat, and the metallic ni- 
trats, by the fame alkali.) 3d, By decompofing the muriat of ‘fos 
_ da by the addition of rie nitric acid. | 4th, By decompofing ‘ful. 
phat of foda by the fuming nitrous acid. » 5th, and Jafly, By de- 
compofing nitric metallic falts by muriat of foda;, in this cafey*in 
proportion as the muriatic acid unites with, and feparates the 
metal from the nitric acid this laft combines: with the foda 
which quits the acid with which it was formerly united. “A’more 
minute account of ‘this decompofition, eal be. given aren each 
of the falts in which they occurs 10» woe ee Olt 


‘The nitrat of foda may be applied to the fie fe meer of ° 
potafh ; but as it does not produce all the effects of this laft falt 
(doubtlefs on account of its greater affinity with water); and likes 
wife becaufe it is merely a produét of art, no ufe whatfoever Has _ 
yet been made of it, neither have all the experiments been made, 
which are neceflary to afford a complete panera et its ei i 
pértics. 


i) 


Species V. Muriat of Potath. 

~ Muriat of potafh, called formerly the febrifuge falt of Syloius i is 
formed by the union of the muriatic acid with potath : it has 
been called regenerated marine falt, but improperly, as it differs 
from that falt in the nature of its bafe; its. cryftals are cubical, 
but almoft always. confufed and irregular. Its tafte is falt, pe- 
netrating, , bitter, , and difagreeable. In the fire, it decrepitates $3 
that is to fay, its cryftals fuddenly break, and fly in pieces, by 
the rarefaction of the water, which enters into their compolition. 
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4f the heat berthen continued, and fufficiently ftrong, it melts, 

and is volatilized without decompofition ; it may ferve as a flux 

to earthy and metallic fubftances ; its principal ufe in thefe cafes ~ 

is, that the matters being covered with it, the ation of the other 

fluxes i is more confined, and the ceeds wat the wa of 
air might produce, are prevented. tt 

» The muriat.of potath is not much vere by expofure to air ; 
25 however, flightly deliquefces. 

_ About three parts of cold water are required to hold one part 
in folution ; ‘hot water does not diflolve a greater quantity ; and 
therefore recourfe muft -be had to flow evaporation to obtain cry- 
ftals:: itis one of the moft difficult falts to be procured in cry- 
ftals of a certain magnitude. 

» Clay appears to decompofe it in part; for muriatic acid is ob- 
tained by diftillation of the muriat of potafh with the clays found 
in the vicinity of Paris. ‘This operation affords, in fact, only a 
{mall quantity of acid, and its refult is far from being fuch as is 
obferved with the nitrat of potafh: fand appears to mon the fame 
effe&t as clay on the muriat of potath. | 

Barytes feizes its acid, and feparates the nates according to 
Bergman. Magnefia and lime do not at all change it. 

The fulphuric and nitric acids difengage the muriatic acid with 
effervefcence : and this phenomenon takes place more ftrongly, 
in proportion as the muriat of potafh is drier*. Such as has 
been deprived of ‘its water of cryftallization by decrepitating, 
produces.a very {trong effervefcence, attended with much heat, 
- by'the addition of concentrated fulphuric acid. When thefe de- 
compofitions are made in retorts, muriatic acid is retained in the 
receiver, and fulphat of potafh remains behind, provided the ope- 


* We have already obferved, in treating of the decompofition of nitrat of potafh 
by concentrated fulphuric acid, that the nitric.acid is difengaged with a {trong ef- 
fervefcence. We here find the fame phenomenon with the muriatic acid, the ef- 
fervefcence being confiderably ftronger with the muriat of potafh, becaufe its acid 
has a very ftrong tendency to aflume the gafeous fate: This is the general caufe 
of all effervefcences, the nature.and differences of which have not been well known 
till. lately. It-was formerly thought that they arofe from the difengagement of 
air; but it is now well known, that the fubftance difengaged is not air, but may 
confift of any fubftance capable of affuming the aeriform aggregation ; and for that 
reafon we have obferved, that the ebullition of water may be efteemed a kind of 
effervefcence, As this principle deferves to be particularly attended to, we fall 
occafionally repeat the prefent obfervation, in pee of the different neutral falts 
capable of being decompofed by the acids, Note of the Author. ~~~ 
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_ gation be made with the fulphuric acid; but if the nitriv’acid be 
ufed, the receiver contains agua regia, and nitrat of potafh is 
found in the retort. The boracic acid Jikewife decompofes mus 
riat of potath by diftillation, and difengages the muriatic acid. 
As all thefe operations may be performed with muriat of: feda, 
or common falt, we fhall defcribe them more fully under that ar- 
ticle. The carbonic and fluoric acids have no action on muriat 
of potath. | 

The fulphats and nitrats of potath and foda, do not abi on bain 
{alt ; but when diffolved together in the fame water, wach wri 
ftallizes feparately, and in its ufual manner. . 

The muriat of potafh is found naturally, but never in cade ; 
able quantities ; it is found in fea-water, and the water of falt 
iprings, and it exifts, though rarely, in the places where nitrat of | 
potafh is found ; it is likewife met with in the afhes of vegeta- 
bles, and in certain animal fluids ; it may be artificially produced, 
1/?, By dire& combination of the muriatic acid with potafh. © 2d, 
By decompofing earthy, ammoniacal, and metallic muriats by the 
{fame alkali. 3d, By decompofing the fulphat, or nitrat of potath, 
by means of the fame acid, as Mr. Cornett has fhown. 

This falt was formerly employed as an excellent febrifuge, but 
it does not pofiefs this property, otherwife than in common with 
all bitter falts ; the ner of potafh and foda are at dean 
preferred to it. “ 

The muriat of potafh is not ufed in the arts ; its scene 
bitternefs prevents its being ufed for culinary purpofes, like the 
muriat of foda; its chemical properties agree with thofe of the 
latter falt, excepting with refped to its bitter tafte, lefs degree of 
folubility, unchangeablenefs in the air, and lefs regular lees 
zation: for this reafon we fhall dwell no longer on its paras 


Species VI. Muriat of Soda. on 


The muriat of foda, better known by the name of marine or 
culinary falt, is perfe€tly neutral, and is produced by the com- 
bination of the muriatic acid with foda. It will be perceived, 
that in the nomenclature hitherto adopted, the definition of the 
nature of thefe neutral falts is almoft ufelefs, fince it is seals | 
in their denomination. 

This falt is more abundant in nature than any other ; it is 
found in prodigious maffes in the internal parts of ee earth, in 
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_ Spain, in Calabria, in Hungary, in Mofcovy, and more efpecially 
in Wieliczka in Poland, near Mount Crapax, where the mines are 
very large, and afford immenfe quantities of muriat of foda. This 
falt, when contained in the earth, is feldom cryftallized in any 
regular figure ; it has various degrees of whitenefs, and is often 
found coloured, in which ftate it is called fal-gem, becaufe it 
often has the tranfparence of gems: fea-waters abound with this 
falt, as do likewife the waters of certain lakes and fprings; and 
from thefe it is obtained by one or other of the four following 
general procefles *. 

The firft confifts in fpontaneous evaporation by the heat of the 
fun, as is praCtifed in the fouthern provinces of France. Trenches 
are made near the fea-fide, lined with clay well rammed. Thefe 
are divided by low walls, into feveral compartments communi- 
cating with each other ; and the flood-tide fills them with water, 
where it is retained by a kind of fluice gates. Care is taken that 
the quantity of water fhall be of an inconfiderable depth, that it 
may be eafily evaporated by the fun. When a faline pellicle is 
formed, the workmen break it, and it falls to the bottom, which 
they continue to do as long as any water remains. The falt is 
then raked together, and laid in heaps to dry. This mixed with 
every other which the fea-waters contain, fuch as fulphat of fo- 
da and magnefia, the muriats of magnefia and lime; it is like. 
wife contaminated by a portion of the clay, which forms the floor 
of the falt-pans ; and laftly, it contains iron, and mercury much 
divided; the latter of which is eafily fhown, by leaving a mafs 
of gold for fome time in the falt, which becomes manifeftly whit- 
ened. This very impure falt is known in France by the name of 
Jel de gabelle. 

. In the northern provinces of France common falt is obtained 
by artificial evaporation, effected by means of heat. In Arran- 
chin they take’ the quickfands on which the fea-water has de- 
pofited its faline cryftals ; thefe are wathed with the fmalleft 
quantity of water fufficient to diffolve the falt, and the water is 
then evaporated to drynefs in leaden boilers. The falt thus ob- 
tained, is whiter and more pure than that of the procefs before 
defcribed *, 


_® Mr, Guettard has given an accurate account of this procefs in the Memoire 
of the Royal Acadenty for the year 1758. . 
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‘There are: many falt {prings i in Lorrain and Franche-Co 


- the water of thefe {prings is charged with different quantities ol 


muriat of foda.. At Montmorot, in the latter of thefe provinces” 
fpontaneous evaporation is united to evaporation by heat: thé: 
water of the {pring is pumped up into a large refervoir, at the top: 
of a building, or thed, beneath which are fufpended boards cos 
vered with little bundles of thorns or brufh=wood ; om thefe'the: ~ 
water falls through {mall cocks, and becomes divided into minute. 
drops. The large furface of water thus expofed to the airy which, 
circulates quickly through thefe fheds, caufes an evaporation of 
riearly two thirds: Selenite is depofited on the: bruth-w acid; 
and when the liquid, upon trial with a kind of hydrometer; is’ 
found charged with falt to a certain degree; it is conveyed into 
large iron boilers, fupported by bars of the fanie metal; thefe: 
boilers are very large and fhallowy and contain one hundred: 
muids* of falt water. A brifk heat is applied 3 and as foon as 
the water boils ftrongly, it becomes troubled; and ati ocherous 
earth is feparated, in the form of fcum; another falt; of difficule. 
folubility, is next feparated, which is found to bé fulphat of limey 
the workmen call it /ch/ot, the fchlat, mixed witha fmall quanti« 
ty of muriat of foda, fulphat of foda, and earthy muriats: » The’ 
{cum is received in little troughs of cloth, placed round the fides: ’ 
of the boiler, into which it is thrown by the circulation of the 
boiling liquor. * Thefe troughs are taken out and cleared, from. 
time to time, and repeatedly put in again, till a large quantity of - 
{mall cubical cryftals, called by the workmen pieds de mouches, ap~ 
pear on the furface of the liquor. ’ At this period, the troughs 
are taken away entirely; the fire is diminithed, and the muriat 
of foda is taken out with ladles, in proportion as it cryftallizes: in | 
fufficient quantity; the evaporation is continued till no more’eu- 
bical cryftals are afforded. ‘The cryftals are larger, the flower 
the evaporation; and the remaining fluid, called mother watery 
“contains earthy muriats +. ( tr | ae 


mm The muid of wine contains 280 French pints. 
+ A neutral falt is prepared at Montmorot, which is known by the name of 
Epfom falt of Lorrain, but it is nothing more than fulphat of foda, or Glauber’s 
falt, whofe cryftallization has been ditiched’ it may be diftinguifhed from the 
true fulphat of magnefia, or Epfom falt, by i its efflorefcing i in see air; whereas the 


Epfom falt, fuch as we receive from England, is er Note cin Aus 


thore To. 
\ 
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* Walleiius mentions a fourth procefs ufed in the north to ob- 
tain falt from fea water. This water is expofed in trenches on 
the. fea fhore, where it forms fo thin-a ftratum, that the cold of 
the atmofphere foon freezes it; but as the ice confifts of mere 
water, the unfrozen part, after the ice is taken out, is of courfe 
more concentrated, and may be duly evaporated with a lefs de- 
gree of heat. It is rent into leaden boilers, and evaporated 
by ‘fre °. 

The cryftals of muriat of foda, are very regular cubes, and 
Jarger in-proportion as the evaporation has been more flowly 
conducted ; they adhere together by their edges, fo as to fori 
{quare maffes with a pyramidal cavity, having the appearance of 
iteps within. Rouelle the elder has obferved and defcribed this 
phenomenon very accurately in his Memoirs on Cryfrallization, © 
and Bergman has very ingenioufly accounted for the fact. 

The tafte of this falt is well known, and generally agreeable. 

This falt, when expofed to a brifk heat, burfts, and flies in 
pieces: ‘Vhis phenomenon is called decrepitation, and is produced, 
as we have already obferved in treating of fulphat of potafh, and 
muriat of potafh, &c. by the rarefaction of the water of cryftal- 
lization. When all the water is evaporated in this manner, the 
decrepitation ceafes, and the falt is reduced to a pulverulent 
form: if the heat be continued; it melts after ignition, and being 
pouréd or a fmooth itone, becomes a kind of mineral cryftal ; 
but it is not at all altered, for its original form may be again re- 
ftored by folution in water. Fire does not, therefore, decompofe 
‘itz a very {trong heat volatilizes it without alteration. 

Muriat of foda, when pure, is not fenfibly changed by expo- 
fure-to air; it rather becomes dry than moift, and attracts hu- 
midity only in fuch cafes as it contains muriats with ad 
bafes, as in Sel de Gabelle. 

It is very foluble in water; no more than three parts of this 
fluid being required to diffolve one of the falt. ‘Three ounces 
and a half of water diffolve one ounce ‘of falt very completely ; 
and it is not more foluble in boiling than in cold water. Heat 
caufes the folution to be made fomewhat more quickly. The 


'? 


The addition of a fixed alkali to thé folution of Epfom falt, occafions a vloud, by 
the precipitation of the magnefia; but Glauber’s falt, treated in the fame manner 
yemains tranfparent. Tj 


Vol. L Gz 


466 MURIAT OF SODA. 


cryftals of this falt are obtained by a very flow evaporation. A 
number of {mall points, pieds de mouches, form on the furface of 
the liquor, unite and produce a pellicle, more or lefs thick; 
fometimes, inftead of cubes, we obferve a kind of fquare and 
hollow pyramids, fimilar in form to a mill-hopper. ‘The man- 
ner in which thefe cubical cryftals form fquare and hollow pyra- 
mids, was obferved by Mr. Rouelle to be as follows : When one 
cube is formed, its weight caufes a depreflion of the furfacé of . 
the water around it; a fecond cube formed near the firft is at- 
tracted by it, or falls into the cavity, and adheres to one of its 
fides ; the fame thing happens with regard to. the other fides, 
and this fucceflive accretion muft produce hollow pyramids with 
their bafes uppermoft, which, when arrived at a certain magni- 
_ tude, fink by their own weight. If the falt diffolved, be pure, 
the water, after it has*ceafed to depofite cryftals by evaporation, 
will contain no faline matter; but the water of the fea, and of — 
faline fprings, always contains falts with an earthy bafe. We 
may precipitate the earth by means of foda, as we fhall after= 
wards explain under the article Earthy Neutral Salts. This is 
the method employed to obtain very pure muriat of foda 4%. 

Muriat of foda appears to facilitate the fufion of glafs; it al- 
ways occupies the upper parts of the pots, and wisi ise a — 
part of the matter called glafs gall. 

This falt is ufed to vitrify the furface of certain kinds of et 
tery, and to give them a kind of covering ; this is. done by throw- 
ing a certain quantity of this falt into the furnace, where it is vo- 
latilized, and applies itfelf to the furface of the pottery, occafion- 
ing fufion by its extreme heat. This is the’ kind of ee iiied 
in the making Englifh pottery *. 

Siliceous earth does not alter “ies falt, —— it foems to 
haften its fufion. hin 

Pure clay has much lefs ation on muriat of foda ehh on nitre, 
affording by diftillation only a {mall quantity of weak acid; the 


 * The pottery here fpoken of, is of the kind called ftone ware. © It is not pro- 
bable that the vitrification is produced by any extreme heat in the vapours of the 
Salt, but that the alkali of this laft, uniting with the filiceous earth contained i in’ 
the*ware, compofes a glafs; part of the marine acid being at the fame time fet at 
liberty. Hence the furface of this pottery is always rough, the argillaceous part 
vf the ware not being equally corroded by the alkali. he one of kee $ ware 
is chiefly lead. T. ; 


® 


MURIAT OF SODA. 467 


diftillers of aquafortis; it is true, obtain the muriatic acid called 
Spirit of fait in this manner, but they eniploy the moft impure 
falt, which contains feveral muriats with earthy bafes; and like- 
wife ufe a coloured and very impure clay. 

Barytes decomipofes muriat of foda, a$ well as all the other 


_ alkaline falts; as the experiments of Bergman fhow. Lime and 


magnefia produce no change in muriat of foda, but thefe two 
falino-terreftrial fub{ftances combined with the carbonic acid, 
imay perhaps feparane 4 its principles by the way of double elective 
attraction. . 

The cauflic potafh See muriat of foda, becaufe it has 
a ftronger affinity than foda to its acid. - A folution of muriat of 
foda, mixed with potafh, affords miuriat of potafh by .evapora- 
tion, and the mother water contains foda pure and difengaged. 

Acids have a powerful a€tion on muriat of foda. If coucen- 
trated fulphtiric acid be poured on this falt, a very confiderable 
inteftine motion, attended with a ftrong heat, is produced; a 
violent effervefcence * is perceived, which arifes from the muri- 
atic acid diferigaged in the form of gas, as is evident from the 
white vapour it forms with the water of the atmofphere ; and 
by its {trong fmell, not unlike that of faffron, when the vapour 
is much diluted: If this operation be made with a mercurial 
pnetumato-chemical apparatus, much muriatic acid gas is obtained, 
Glauber firft obferved, and accurately defcribed the decompofi- 
tion of marine falt by the fulphuric acid; whence the acid ob- 
tained in this method has been called Glauber’s /pirit of falt ; it 
was by examining the refidue of this operation, that he dif- 
covered his /a/ admirabile or fulphat of foda. 

Mott authors direct in the diftillation of muriatic acid to put 
decrepitated muriat of foda into a tubulated retort of {tone ware, 
and to pour the half of its weight of concentrated fulphuric acid 
through the tubulated part. Acid vapours are plentifully difen- 
paged; which pafs through the neck of the retort into two re- 
éeivers, the firft having two necks, and the fecond being applied 
to its extetnal neck 5 a {niall hole i is drilled i in this laft receiver 


yak The effervetcence is as evident in this operation, as in the union of the fame 

acid with lime and alkalis, faturated with carbonic acid. It takes place, therefore, 
every tinie that a body, difengaged from its combination, is volatilized under the 
form of gas. It may be produced by carbonic, muriatic, nitric, fulphuric, fluoric 
acids, &c. and ought not to be attributed to the difengagement of air, 
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that the vapours may efcape, and the apparatus be prevented from 
burfting.’ In this operation, as well as in the common method of. 
diftilling nitrous acid, a large quantity of the pureft muriatic acid 
is loft, which is diffipated in the form of gas, through the hole in 
the receiver; at the fame time that the corrofive vapours, which 
fill the laboratory, are very inconvenient, and noxious to the ope- 
rator. Baume, to’ obviate part of thefe inconveniences puts a 
quantity of water into the retort, which being volatilized in the 
receiver, abforbs a great quantity of the muriatic acid gas. But 
as this gas rifes much fooner than the water, the lofs is never- 
thelefs very confiderable. Woulfe, by a method very different 
from that of Baumé, procures the ftrongeft and moft concentrated 
muriatic acid: inftead of yolatilizing the water after the vapours 
of muriatic acid, he caufes the gas to pafs through that oe by 
means of the apparatus defcribed at the article nltre. = 
Eight ounces of diftilled water are put into the collateral bottles 
when a mixture of two pounds of muriat of foda, and one of 
concentrated fulphuric acid, is ufed. The muriatic acid gas, con= 
ducted by the tubes, is diflolved in the water of the bottles; the 
combination of the gas heats the water almoft to boiling ; and the 
quantity of air abforbed is nearly equal in weight to that of the 
water... When it is thus far charged, it diflolves no more, and 
becomes cold; but the gas pafling into the fecond collateral pening 
unites with, and heats the water they contain. Ditgicy | 
This ingenious procefs agreeing well with the known properties 
of the muriatic acid gas poffeffes feveral advantages. - 1mo, It pre- 
vents the inconveniencies arifing from the diffufion of the acid va= 
poursintheair. 2do, It prevents'the very great lofs of acid, which 
‘was unavoidable in the old procefs. 3770, It affords the muriatic acid 
in a fate {tronger, more concentrated and fuming than can be other- 
wife procured. 4to, This acid is at the fame time very pure, being 
formed entirely by the gas diffolved in water. Its therefore very 
white, while that formerly obtained was always of a citron colour ; 
a citcumftance which has led chemifts into the error of affuming 
that character as diftin€tive of the acid; the portion of liquid acid, 
which in this’ precefs is condenfed in the receiver, is yellow, and 
contaminated by the foreign matters which rife from’ the matters 
contained in the retort, in the fame manner as happens in the 
ancient procefs. 5t0, The new method enables the artift to judge 
of the neceflary degree of heat, and of the mode of conducting 
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the operation by the more or lefs rapid paflage of the muriatic 
acid gas through the water in the receivers. 6f0, and /a/?/y, An 
additional and moft valuable advantage of this method is, that it 
accurately afcertains the quantity of acid contained in any neutral 
falt, no portion thereof being loft. 

_ The nitric acid likewife decompofes muriat of foda; but as it is 
itfelf volatile, it rifes and unites with the acid of this falt, forming 
the mixture called nitro-muriatic acid, or agua regia. 

Baron has difcovered, that boracic acid difengages the acid of 
muriat of foda, by the afliftance of heat; the refidue of this ope- 
ration is very pure borat of foda. 

The carbonic and fluoric acids have no evident action on mu- 
riat of foda, 

The neutral falts, hitherto defcribed, do not act on this falta 
the fulphats and nitrats of potafh and foda, and the muriat of 
potath being diflolved in the fame water with muriat of foda, each 
of thefe faline matters cryftallizes in its own particular manner ; 
the muriat of foda is one of thofe which cryftallizes firft, during 
the progrefs of the evaporation, and is mixed with a fmall quan- 
tity of the fulphat and muriat of potafh; but the fulphat of foda 
and nitrat of potafh remain longer in folution, and cryftallize by 
cooling. ‘The mother water, from which marine falt has been 
obtained in Lorrain, is conveyed while hot into cafks, where it is 
continually agitated during its cooling; by which means the ful- 
phat of foda eryftallizes confufedly, in fmall needles, refembling 
the true Epfom falt, or fulphat of magnefia. ys 

The ufes of muriat of foda are extenfive and numerous; it is 
employed, 1ft, In the glazing of pottery, by producing a flight 
fufion of the exterior furface of the ware. | 2d, In gl: afs-making, 
to render the glafs whiter and clearer.. 3d, In docimaftic effays, 
either as a flux to facilitate the precipitation of metals from the 
{coriz, and to prevent their alteration by the contact of the at- 
mofphere. 

Common falt is at prefent applicd to another ufe, of more.con- 
fequence than thofe we have mentioned ; namely, to the extraction 
of foda, which daily becomes more fearce, and is indifpenfabiy 
neceflary in many of the arts: feveral perfons in England poffefs 
this fecret, and extraét the foda from fea-falt in the large way. Some 
chemifts have thought that litharge is capable of decompofing the 
qnuriat of a in the cold, and by fimple maceration: it appeared, 
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_ that, by uniting the two properties, the firft of containing carboe 
nic acid capable of attracting the foda, and the fecond of forming 
an infoluble falt with the muriatic acid, which would therefore 
be eafily feparated from the alkaline lixivium, the litharge might 
a&t by a double affinity; but my trials on this head have proved 
that the procefs i is infuficient, Scheele found that iron, plunged 
ina folution of muriat of foda, became covered with foda, fatu~ 
vated with carbonic acid. He had the fame fuccefs with the 
fulphat and nitrat of foda, or Glauber’s falt, and rhomboidal nitre, 
treated in the fame manner, He difcovered, that quicklime, 
_ mixed witha folution of muriat of foda, and left in a moift cellar, | 
afforded an efflorefcence of foda, and that calcareous muriat was 
formed. Cohaufen announced this fact, in the year 1717. 
Morveau has proved that thefe decompofitions are effected by 
favour of the carbonic acid ; becaufe a folution of the fulphat and 
muriat of potafh, poured into lime-water, rendered turbid by the 
earbonie acid, became clear and tranfparent ; and becaufe there. is 
no precipitate afforded by pouring water impregnated with cars 
bonic acid into a mixture of lime-water, and a folution of thele 
falts. Thefe faéts are the data from which we muft fet out in ens 
deavouting to difcover a way of extracting foda from marine falt, 
and in forming eftablifhments for this purpofe, on the large {cale, 
Muriat of foda is univerfally‘ufed as a feafoning for food 5 it 
facilitates digeftion, by producing a commencement of the putrid 
alteration in the alimentary fubftances, For though it is well af. 
certained, by the experiments of Pringle, M‘Bride, &e. that it 
retards putrefaCtion, and, like moft faline matters, is a powerful 
antifeptic when added in confiderable quantities to animal mat- 
ters ; yet it acts in a very different manner when mixed with 
thofe fubftances in a fmall dofe, fince it caufes them to putrefy 
more quickly., This fact is proved, by the experiments of the 
author of Effays intended to ferve as. an hiftory of Paar 
and likewife by thofe of Mr. Gardane. i 
This falt is not of lefs utility in medicine 5 it’ is put into the 
mouth, and employed externally as a powerful ftimulant in apo- 
plectic or paralytic diforders ; and is in many cafes a good dif- 
cuffive. It is particularly recommended by Ruflel ( De Tabe Glan- 
dulari ) for lymphatic tumours, arifing from a fcrophulous difpo- ! 
fition of the animal fyftem. I have my felf obferved its happy « efs 
fects j in many diforders of this nature. It proves purgative when | 
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adminiftered in a dofe of feveral drachms. As it is the impure 
falt that is commonly ufed, its effeéts are in part to be attributed 
to the calcareous and magnefian muriats which it contains. 

a 


Species VII. Borat of Soda, or Superfaturated Borat of Soda*. 


The borat of foda, or common borax, is a neutral falt; formed 
by the combination of the boracic acid, with excels of foda. 

The hiftory of this falt, which comes to us from the Eaft In- 
dies, is very uncertain ; it is not well known whether it be a na- 
tural or an artificial produ&: in fa&, though the difcovery of © 
boracic acid, diffolved in the waters of certain lakes in Tufcany, 
afford reafon to conclude that borax of foda is a natural produ, 
there are many facts which we fhall mention that feem to prove, 
‘that this falt may be entirely formed or produced by certain pro- 
cefles. And we may probably, in future, poffefs artificial me- 
theds of forming borax, in the fame manner as we have artificial 
nitre beds in feveral parts of Europe. 

Borax is found in commerce in three different ftates; the firft 
is crude borax, tincal, or chryfocolla, which comes from Perfia. 
It is in greenifh mafles, of a greafy feel, or in opake cryftals of 
an olive green, which are fix-fided prifms terminated by irregular 
pyramids, ‘There are two varieties of thefe green cryftals differ- 
ing in magnitude : this falt is very impure by the admixture of 
foreign matters. 

The fecond fpecies of borax is known by the name of borax of 
China. It is rather purer than the foregoing; in the form of 
_ Imall plates or maffes irregularly cryftallized, of a dirty white. 
It appears to confift of fragments of prifms and pyramids con- 
founded together without any fymmetrical arrangement ; a white 
powder is obferved on the furface, which is thought to be of an 
. argillaceous nature. 

The third fpecies is the Dutch or purified borax. Itisin the 
form of portions of tranfparent cryftals of confiderable purity; py- 
_ ramids with feveral facets may be recognized, the cryftallization 
appearing to have been interrupted. ‘This form {hows to a cer- 
tainty that the Dutch refine this falt by folution and cryftallization. 


* Hitherto we have fpoken, firft, of fuch neutral falts as have potafh for their 
bafe; but with refpect*to falts, which contains the boracic acid, we are under the 
neceffity of beginning with that which has foda for its bafe, becaufe it is the only 
 -@he we are well acquainted with. Note of the Author. 
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Laftly, The Meffrs. Lefgulliers, chemifts in the Rue des Lema 
bards, at Paris, prepare a purified borax,, in no refpe&t inferior 
to that of Holland, and perhaps even of greater purity. ils 

Befides thefe four kinds of borax, an apothecary at Paris, M, 
la Pierre, imagined he has difcovered that it is continually form- 
ed in the foap fuds and refufe waters of the kitchen, which a cer- 
' tain individual preferves in a kind of ditch, and from which at 
the end of a certain time he obtains true borax in fine cryftals. - 
This fat, firft announced ten years ago, has not fince been con- 
firmed. All that we can deduce from the known faéts concern- 
ing its formation, is fimply, that it is produced in flagnant waters, 
which contain fat matters. Some authors affirm, that it is pro- 
duced by art m China; a mixture of greafe, clay, and. dung, is 
faid to be depofited in a ditch, ftratum fuper ftratum. This 
mixture is fprinkled with water, and fuffered to remain for. fome 
years, at the end of which time the mafs is lixiviated, and affords 
crude borax by evaporation. Others have fuppofed that it is aby 
tained from water, which filters through copper mmes. Baumé 
politively affirms, that the former of thefe proceiles oop oe 
very well with him. Chim. Exper. Tom. IL. p. 132. 

Purified borax has a very regular form} its cryftals are fixe 
fided prifms, two of the fides being emer larger than the 
others terminated by trihedral pyramids. Its-cryftallization is how- 
ever fubje& to confiderable varieties ; its tafte is ftyptic and uri- 
nous, and acts ftrongly on the fibres of the tongue; it converts 
the fyrup of violets to a green. We give to it the name of borax, 
in order to diftinguifh it from that which is faturated with bo- 
racic acid, or the true borat of feda. We call it alfo borat fu- 
perfaturated with foda, in order to point out the nature of its. 
combination. pag 

Borax expofed to heat quickly melts, by means of its water 
of cryftallization ; it lofes this water gradually, {welling \up, and 
_ confiderably increafing in magnitude, and is then in the form of 

a light porous and very friable mafs, diftinguifhed by the name of 
calcined borax. This appearance arifes from the efcape of the 
vapours of water, which raife the half dried falt into the form of 
light pellicles, in which form they become dry, fo as to’ leave ca- 
‘vities between each other. Calcined borax is not at all altered i in 
its compofition ; nothing being driven off by the heat, but. the | 
water of cryftallization, which is fomewhat more than a third of 
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its weight. ‘Its original form may be reftored by folution in wa- 
ter and cryftallization ; but when calcined borax is more ftrongly 
heated, it melts into the form of a tranfparent greenifh glafs, 
which tarnifhes in the air, and is foluble in water. ‘The nature 
of the borax is not at all changed by this fufion; all its properties 
being reftored by folution in water and cryftallization. 

Air produces no change in this falt, excepting the depriving it 
of a part of its water of cryftallization ; and by that means cauf- 
ing an efflorefence on its furface. It feems that this eflorefcence 
is not always the fame in the different kinds of purified borax. 
The borax of China efflorefces much lefs than that of Holland ; 
and the borax purified at Paris fill lefsthan either, ‘This trifling 
difference doubtlefs depends on the procefles made ufe of in its 
purification, the manner of cryftallizing, and the quantity of wa- 
ter its cryftals contain, accordingly as they have been formed with 
‘more or lefs rapidity; and perhaps, likewife, on the different pro- 
portions of the acid of borax and foda, which enter into its com- 
pofition. 

Borax is very foluble in water ; twelve parts of cold, or fix of 
boiling water, are required to diflolve one of the falt ; its cryftals 
may therefore be obtained by cooling, but the fineft and mot re- 
gular are formed by fuffering the cold faturated folution to eva~ 
porate fpontaneoufly in the ordinary temperature of the atmo. 
{phere. 

Borax ferves as a flux to vitrifiable earths, with which it forms 


a good glafs. It is employed i in making artificial precious ftones, 
or falfe gems. 

It yitrifies clay, but much lefs completely than filiceous earths; 
from this property it adheres to and glazes the infide of crucibles. 

The a€tion of barytes, and of pure magnefia, on borat of foda, 
is not known. Mr. Bergman, however, places thefe two fub- 
ftances before the alkalis in the firft column of his table of affini- 
ties ; which implies that they are capable of decompofing this falt: 
but in his differtation he affirms, that the affinities of ponderous 
earth and magnefia with the the acid of borax are not yet accu- 
rately determined. 

Lime has really a ftronger affinity with the acid of borax than 
foda has; lime-water precipitates the folution of this falt; but in 
order to decompofe it perfectly, it is neceflary to boil quicklime 
with | borat of foda; the precipitate which is then formed i is an 
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almoft infoluble faline compound of lime with the boracic i 
and the cauftic foda remains diffolved in the water. : 
Potath decompofes borat of foda, as well as every other ‘ieee 
falt with bafe of foda: ammoniac does not act upon it at all. 
Acids act ftrongly upon this falt; if concentrated fulphuric 
acid be gradually poured into a boiling folution of borat of foda, 
till the liquor contains a flight excefs of acid, a very abundant . 
precipitate, in the form of {mall brilliant f{cales, is obtained by 
cooling. This muft be wafhed with diftilled water, «and dried: 
it is the boracic acid. The liquid being evaporated, and cooled 
fucceflively for feveral times, affords more boracic acid ; and at 
laft fulphat of foda is obtained, by the union of the core bafe 
of the borax to the fulphuric acid. : ieee: 
The nitric and muriatic acids decompofe borat of foda i in ae 
fame manner, becaufe, like the fulphuric acid, they havea ftronger 
affinity with foda than the boracic acid has, The refidues of thefe - - 
evaporations afford nitrat or muriat of foda. ‘The difcovery of 
boracic acid appears to have been made by Beccher, but it is coms 
monly attributed to Homberg, who firft accurately defcribed a 
procefs for obtaining it, in the Memoirs of the Royal Academy 
for 1702. The procefs confifted in diftilling a mixture of cal- 
cined fulphat of iron, borat of foda, and water: he called the fub- 
limed falt, volatile narcotic falt of vitriol, on account of the firtt 
- mentioned ingredient, which he fuppofed to contribute greatly to 
its formation. Louis Lemery, eldeft fon of the famous Nicholas, 
has made many experiments with borat of foda; and in the year. 
1728, he obferved, that boracic acid, called then fedative falt, may 
be obtained by means of the pure fulphuric, nitric, and muriatic 
acids 3 but he always ufed the method of fublimation. Tt i is to 
Geoffroy the younger, that we are indebted for a complete ana- 
lyfis of borat of foda, in the year 1732, he obtained boracic acid 
by evaporation and cryftallization ; and by examining the refidue 
of the procels, he arnt: that apna is one of the eit of 
borax. : 
The experiments of Baron on this falt, prefented to the Aca- 
demy in the years 1745 and 1748, exhibit two important facts in 
addition to thofe before known. The firft is, that vegetable acids 
‘Tikewife decompofe this falt ; and the fecond is, that the true borax . 
may be recompofed by uniting boracic acid with foda, by which — 
it is proved, that the acid exifts veady formed in the falt, and that 
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the other acids made ufe of in procuring it do not at all contri- 
_ bute to its formation. 

The fluoric acid, and even the carbonic acid, though one of 
the weakeft, are capable of decompofing borat of foda, and fepa~ 
rating the boracic acid. ‘This laft readily unites with borax, 
whofe alkaline bafe requires for its perfe€t faturation fomewhat 
more boracic acid than is equal to the weight of the borax itfelf. 
Bergman even thinks that this falt is imperfe@tly faturated, and 
that its alkaline properties cannot be removed, but by this addi- 
tion of boracic acid ; the properties of this neutral falt, or the true 
borat of foda, have not yet been fully inquired into. 

Neutral falts, confifting of a fixed alkali united with the ful- 
phuric, nitric, or muriatic acids, have no action on borat of 
{oda. 

This falt, fufed with combuftible matters, as for example, char- 
coal, acquires a reddifli colour, but the alteration it fuftains is not 
well known. | 

Borax is exceedingly ufeful in feveral manufactures ; it is em- 
ployed as an excellent flux in the art of glafs-making, as well as 
in aflays, It is advantageoufly ufed in foldering, which it pro- 
motes by affifting the fufion of the folder, by foftening the fur- 
faces of the metals, and by defending them from the contact of 
the air, by which they would otherwife be calcined. Borax was 
formerly much ufed in medicine, but it is at prefent entirely 
abandoned *, 

: 


Species VIII. Borat of Potafh. 


“We give the name of borat of potafh to the combination of 
boracic acid with potafh. It is well known, that thefe two faline 
fubftances are ftrongly difpofed to unite, and that a neutral falt, 
analogous to borat of foda is produced in this operation; the re- 
fidue of nitrat of potafh decompofed by boracic acid is of this 
kind. ‘ Mr. Baumé affirms, that this refidue is a white mafs, im- 
perfectly melted, and that by folution in water it affords a falt in 
{mall cryftals. The borat of potath is therefore fufible, foluble, 
and cryftallizable. ‘The pure acids decompofe this falt, as well 
as borat of foda; but nothing more is known concerning this falt 
which has been fearcely at all examined, Baron was acquainted 
with the poflibility of producing this falt, by the dire€t combina- 
fion of boracic acid with potafh; he has even made a diftingtien 
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between this and the common borax, or that with bafe of foday 
but he fays nothing of its properties. 


Species LX. Fluat of Potath. 


By this name, according to the rules of the new nomenclature 
hitherto adopted, we may diftinguith the combination of the fluo- 
ric acid with potafh. ‘This kind of neutral falt has hitherto been 
only flightly examined by Scheele and Boullanger. It is always 
in a gelatinous form, and never cryftallizes. According to Scheele, 
it is acrid, cauftic, and deliquefcent, when dried and melted: he 
compares it in this {tate to the liquor of flints. It appears that 
the fire difengages the fluoric acid, and that the filiceous earth, 
always taken up by this acid, melts into a foluble glafs Ph means 
of the potafh. 

Fluat of potafh is very foluble in water, of which fluid it always 
retains fo large a quantity, as to render it incapable of taking the 
cryftalline form. When well faturated, its folution Preeeary no 
change in fyrup of violets. 

The aétion of the fili_cous, argillaceous, barytic, and magnefian 
earths on this falt, are not known. 

According to Scheele and Bergman, lime has a ftronger affinity 
than potafh, with the fluoric acid, Fluat of potath is immediately 
decompofed by lime-water; the lime unites with the fluoric acid, 
and forms an infoluble falt, which renders the liquor muddy, and 
is the fluat of lime. We fhall hereafter obferve, that the neutral 
{alts formed by the carbonic acid and fixed alkalis, are likewife 
decompofed by lime. We have alfo feen that borat of foda, is 
precipitated by lime-water ; the fluoric is not, therefore, the only 
acid which has a ftronger affinity to this falino-terreftrial fubftance 
than to fixed alkalis. 

Concentrated fulphuric acid i the fluat of posalt and 
difengages its acid, which, according to. Boullanger, exhibits — 
the white vapours and fmell peculiar to muriatic acid. » Whea 
this experiment is made, in a proper apparatus for diftillation, the 
fluoric acid is colle@ted in the fame manner as the acids of nitrat of — 
potafh and muriat of foda, when decompofed by the fulphuric a acid. 

The aétion of the nitric'and muriatic acids, as well as that of 
the neutral falts upon fluat of potath, has not, that we know of, . 
been examined into. | ) i A 


This falt is not applied to any. ufe. : ¢ . 
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Species X. Fluat of Soda. 


We ufe this name to denote the faturated combination of the 
fluoric acid with foda. Like the preceding falt, it has been very 


little examined, Meflrs. Scheele and Boullanger fpeak of this 


combination, but their accounts do not agree. 

Scheele affirms, that foda united to the fluoric acid, forms a 
jelly, like the preceding falt; Boullanger, on the contrary, 
affirms, that this combination affords very fmall, hard, brittle 
cryftals, in oblong fquares, of a bitter and rather ftyptic tafte. 
On. hot coals it decrepitates, like muriat of foda ; and it is fcarce- 
ly foluble in water. 

Lime-water decompofes this falt, in the fame manner as it 
does fluat of potafh. : 
. Sulphuric acid difengages the acid with effervefcence and the 
production of white {trong-fmelling vapours, refembling thofe of 
muriatic acid. 

This fhort account fhows, that fluat of foda is not bettér 
known than the fluat of potafh. 


Species XI. Carbonat of Potafh. 


The two perfect neutral falts, which remain to be examined, 
are combinations of the carbonic acid with fixed alkalis. 

Thefe fubftances have never been ranked among neutral falts, 
though they are truly fuch, as we fhall fhow. 

By the name of carbonat of potafh, we diftinguifh a neutral 
falt, produced by the faturated combination of the carbonic acid 
with potafh. Some modern chemifts diftinguifh it by the name 
of mephitic tartar, aerated vegetable alkali, &c. ‘This faline fub- 
{tance was not known to be a neutral falt, but was always taken 
for a pure alkali, till the time of Dr, Black. It was formerly 
called fixed falt of tartar, becaufe it is obtained by the incinera- 
tion of tartar of wine. It was confidered as an alkali, becaufe it 


thas fome of the properties of thofe falts ; in fact, it gives a green 
‘tinge to the fyrup of violets ; but borax and feveral other falts 


have the fame property; befides which, it does not deftroy or 


 diminifh the colour of violets, like potafh. Borax likewife has an 


alkaline tafte. It was diftinguifhed from the alkali of foda,, by 
the property it was faid to have of ftrongly attracting the humi- 


‘ dity of the air, “and its being incapable of cryftallization ; thus 


} 


478 CARBONAT OF POTASH. | 
moiftened it was called oi/ of tartar per deliquium *; but thefe two 
properties depend on the falt of tartar not being ee 8 neu# 
tralized, as it contains a certain quantity of potafh not faturated 

camheenes This aie is now obtained very cryftallizable, aid rae 
ther efflorefces than attracts the humidity of the air. M. de 
Chaulne, who has made many experiments relating to this fub- 
ject, prepares the falt, by expofing\a folution of cauttic potath, 
or potath combined with a little carbonic acid ina place filled with 
the carbonic acid gas; as for example; the upper part of a vat of 
beer in a ftate of fermentation. The alkali becomes faturated 
with the carbonic acid, and cryftallizes regularly in quadrangular 
prifms, terminated by very fhort four-fided pyramids. 
_ The tafte of carbonat of potafh is urinous, but much lefs ftrong 
than that of the cauftic vegetable alkali, as it may be employed m 
medicine in a dofe of feveral grains. This neutral falt melts readily 
in the fire, and quickly becomes alkalized ; if it be diftilled in a 
pneumato-chemical apparatus, its water of ctyftallization and its 
acid in an aeriform ftate are obtained, and the potafh remains: 
fixed in an irregular mafs, together with a fmall portion of the 
acid, which cannot but with the greateft difficulty be expelled. 
According to the analyfis of eed the carbonat of potath, fa- 
turated with acid, and in perfeé& cryftals, which he calls aerated 
vegetable alkali, contains, in the centenary, twenty parts of acid, 
forty-eight of pure alkali, and thirty-two of water. But it muft 
be obferved, that the carbonats appear to be more, pafticularly 
fufceptible of variation, with refpe&t to the dofes of. acid they 
may contain. However, as the falt we now {peak of never eryle 
tallizes regularly but when it is perfectly faturated, the calcula« 
tion of Bergman may be efteemed accurate*. 

Carbonat of potafh, when well cryftallized, is not eet in 

any refpect by expofure to air ; its cryftals remain tranfparent, 
and neither melt nor efflorefce. As it a, be of great ring in 


> 


* Bohnius reports, that idle evaporated oil of tartar flowly, by. a _ gentle heat 
he obtained under a faline pellicle, fine cryftals, which he preferved for fix years 
‘without alteration, though expofed to different temperatures. (Dijert. Phyfico-Chim: 
1666.) M. Montet, a celebrated chemift of Montpelier, deubtlefs. unacquainted 
with the difcovery of Bohnius, likewife difcovered a procefs for eryitallizing the 


fixed falt of tartar. Memoirs of the Academy of Sciences, x764, page 576. Nate — 
Author, 
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many experiments, to have this falt fufficiently pure, to poffefs 
this property of withftanding the effects of the air, we think it 
neceffary to obferve, that it may be coaveniently prepared by ex- 
pofure of a folution of very pure potafh, completely free from the 
_ fulphat of potafh, which this falt ufually contains, to the carbo- 
“nic acid in the upper part of fermenting veffels ; or {till better, 
by agitating it, and pouring it continually from one veffel into 
another. We then allow the folution to. remain in conta¢t with 
the carbonic acid difengaged during fermentation, till it depofites 
cryftals of the carbonat of potafh >. 

This falt diffolves in four parts of cold water, and requires ra- 
ther lefs hot water for the fame purpofe*. During the time of fo- 
lution, cold is produced. This laft property, which diftinguifhes 
the neutral from the fimple falts, is fufficiently chara€teriftic of 
the difference between carbonat of potafh and the pure or cau- 
ftic potafh. It cryftallizes by evaporation and cooling : if its fo~ 
_ lution be too concentrated, it takes the form of an irregular mafs, 
-a circumftance which often happens in laboratories. 

Like potafh, it may be ufed as a flux for vitrifiable earths, be- 
caufe the action of the fire diflipates the carbonic acid ; if a mix- 
ture of fand with this falt be ftrongly heated in a crucible, a 
confiderable effervefcence will be obferved at the inftant of vitri- 

fication, occafioned by the difengagement of the aeriform acid, a 
phenomenon which proves that filiceous earth cannot combine 
with the alkali, while faturated with this acid; and that it is this 
which is difengaged in the inftant of vitreous combination. This 
effervefcence is fo conftant, that it is aflumed as a characteriftic 
of filiceous earth by Bergman, in his treatife on the Blow-pipe, 
who direéts its fufion with the carbonat of potafh, for the pur- 
pofe of obferving this character. y 

Alumine has no aétion on the carbonat of potafh, which re- 
duces this earth, by fufion, into a vitreous frit, though rather 
more difficultly than the cauftic potafh. Barytes deprives this 
falt of the carbonic acid it contains. ° 

Lime likewife decompofes it, by virtue of its greater affinity 
than that of potafh with the carbonic acid: if lime-water be 
poured into a folution of carbonat of potath, a falt fearcely fa- 

\uble is formed, by the union of the lime with the carbonic acid, 
which falls down, and the pure of cauttic alkali remains diffolved 
in the fluid; this decompofition is ufed in pharmacy to prepare 
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the Japis caufficus, which confifts of the fixed alkali, rendered 
cauftic by means of lime. Modern difcoveries have fhown that. 
the procefs of Lemery, adopted in many pharmacopeias, is very 
defective. It confilted in mixing two pounds of crude alkali *; 
with one pound of quicklime, to which fixteen pounds of water 
were added ; this being filtered and evaporated in a copper vel - 
fel, afforded a refidue, which was melted in a crucible, and 
poured out ona fmooth ftone. In this operation, ari impure and 
{carcely cauftic alkali, charged likewife with copper, is obtained. 
" Bucquet, aware of thefe inconveniencies, directs the procefs 
to be made, in a more expenfive and lefs expeditious way, but 
with much more certainty in the procuring a very pure potafly, 
* fo neceflary to be had in chemical experiments. Two pounds of — 
good quicklime is moiftened with a fmall quantity of water, to 
caufe it to fall into powder; one pound of fixed falt of tartar is 
added, together with a fuflicient quantity of water to form a pafte 
when the whole is grown cold, fixteen pints of water are added; 
and the mixture is placed on a paper, fupported by a piece of 
linen. About twelve pounds of a clear liquor pafs through, and 
the refidue is wafhed with four pints of boiling water, to carry 
of the whole of the alkali. This liquor does not effervefte with 
acids ; but the beft teft of its perfect caufticity is, its not occafion- 
ing, a cloud in lime-water, which it will do, if it contain: the 
{malleft quantity of carbonic acid. The liquid is not, however, 
fufficiently pure to ftand this teft, and muft be again treated with 
two additional pounds of quicklime, to bring it to that degree of 
perfection which is defirable for nice experiments, If the alkali 
be obtained from this liquid, by evaporation in open veflels, it 
feizes.the. carbonic acid contained in the. atmofphere; it muft 
therefore be evaporated to drynefs in a retort when the folid form 
is wanted. ‘This tedious operation is not neceflary in making the 
lapis cauflicus, which will anfwer its intention, provided it con- 
tain a fuflicient quantity of cauftic alkali to corrode the ikin; but 
as the accttrate experiments of modern chemiftty require the’ dry 
cauftic potath in a ftate of purity, it is proper to obferve, that the 
evaporation of the cauftic alkaline lixivium eng to be made in 


* Or cendres gravélees, Thefe are the afhes afforded by the combuftion of the, 
mare or hufks of grapes, and the dregs of wine. They contain much vegetable, 
alkali, or carbonat of potaih, together with cya os of Pao ag oe the 
Author. a < 
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clofed veffels, and: that this evaporation requires the fire to be 
carefully managed towards the end, on account of the great 
denfity the liquid acquires. The fixed alkali obtained by this 
procefs ought to be exceedingly white, to make no effervefcence 
with acids, and to produce no cei when added to lime- 
water. 

Magnefia produces no effec& on carbonat of potafh, becaufe the 
vegetable fixed alkali has a ftronger aflinity to carbonic acid than 
to this falino-terreftrial fubftance. 


The fulphuric, nitric, muriatic, and fluoric acids, decompofe - 


carbonat of potafh, by uniting with the fixed alkali, and feparat- 
ing the carbonic acid, which is difengaged with effervefence. 
This acid, in the gafeous {tate, may be colle€ted over water and 
mercury; it is known by the four follewing characters: it is 
heavier than the air of the atmofphere, extinguifhes flame, reds 
dens turnfole, and precipitates lime-water. 
_ The acid of borax does not feparate the carbonic acid from this 
falt in the cold, but very eafily produces the effe€t when heated. 
The neutral falts hitherto examined have no action on carbonat 
of potafh.. This falt is very abundantly found in nature: it ex- 
ifts ready formed in vegetables, and is obtained by the incinera- 


_tion of thefe organic bodies, as we fhall more particularly de- 


{cribe in our account of the vegetable kingdom. It is obtained 
more particularly from burned tartar, and is likewife prepared 
by the detonation of nitrat of potafh. 

The ufes of carbonat of potafh in the arts are many ; it is em- 
ployed in medicine as a very active folvent; in obftrudtions of 
the mefentery and the urinary paflages, it is not adminiftered 
but in fmall dofes, together with fome fubftance which may moe 
derate its a€tion. 


Species XII. Carbonat of Soda. 


This neutral falt, like the foregoing, was till lately confidered 
as an alkali, though it is a combination of the mineral alkali with 
carbonic acid : it appears to be the falt known to the ancients by 
the name of natrum. It is commonly called /alt of feda, becaute 
it is obtained in a confiderable degree of purity, and well cryf- 
tallized by evaporating a lixivium of foda. The diftin@ion made 
between the vegetable fixed alkali and the marine alkali, founded 


_on the property of the latter to cryftallize and fall into eflloret- 
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cence, arifes merely Friis its being faturated with” carbenie acid ow 


in its ordinary flate. 

The carbonat of foda has an alkaline tafte, and renders the 
fyrup of violets green, though this does net alter its colour fo 
much as the cautftic foda does; its tafte is urinous, but neither 
fo burning nor fo cauftic : as that of the fame alkali‘in a ftate of 
purity. : 

This falt is commonly found purer AM carbonat of potath, 
becaufe its property of cryftallizing has long been known; this 
property, as we have before obferved, is a general criterion to 
diftinguifh neutral from fimple falts. It owes this property to 
its sini always containing the quantity of carbonic acid necef- 
fary for its faturation and cryftallization. “ 

This neutral falt haftily cryftallized, appears: to dis forvacid of 
rhomboidal lamin, obliquely applied on each other, after the — 
manner of tiles. When it is flowly cryftallized, it takes the 
form of rhombic oCtahedrons, whofe pyramids are truncated very 
near their bafe, or decahedral tplidas ie two acute and two 
obtufe angles. wigs 7 

This falt is more fulible than carbonat of notte and is for 
that reafon preferred by glafs-makers; it lofes the greateft part 
of its acid by the a€tion of heat, but always retains a part. Berg- _ 
man, by an accurate analyfis, found that one hundred parts of | 
carbonat of foda, which he calls aerated - mineral alkalt, contain 
fixteen parts of acid, twenty parts of pure alkaliy and fixty-four 
parts of water, fo that foda requires a larger portion of carbonic 
acid for its faturation than potafh, and retains twice the quantity - 
of water; its more regular cryftallization, and its esha of 
efflorefcing, feem to depend on this portion of water. 

Carbonat of foda is more foluble than carbonat of potafh, as — 
it requires only twice its weight of cold water, or half that quan- 
tity of boiling water, to hold it in folution. It cryftallizes by 
cooling ; but fpontaneous evaporation affords more regular ery- 
ftals. This falt expofed to the air, readily falls into powder, . by 
the lofs of its water of cryftallization; it is not, however, al- 
tered by this efflorefcence, but recovers its Sle ee form by = 
lution in water and eryftallization. 

The fufion of vitrifiable earths is greatly facilitated by this fat 


and the glafs it forms is more durable than that into which the ~ 


carbonat of potafh enters; which is a fecond reafon for prefer- 
3 : a 
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ring it in the glafs manufactories. The fame difengagement of 
the carbonic acid from this falt, when fufed with fand, as was 
obferved to take place in carbonat of potafh, is alfo found to take 
place with this. It has no more aétion on clay than the laft 
mentioned falt. ' 

Barytes, lime, and its aqueous folution, decompofe carbonat. of 
foda as they do that of potafhy and difengage the caultic mineral 


alkali. When a folution of this falt is added to lime-water, a 


precipitate falls down, which is not obferved when the cauttic 
is ufed. The cauftic mineral alkali may be obtained for exact 
or minute chemical purpofes by the fame procefs with this falt, 
as we have before directed to be made for the aha tins of the 
lapis caufticus with potath. 

Tlie carbonat of foda like that of potafh is alfo decompofed by 
the fulphuric, nitric, and muriatic acids, and the carbonic acid 
may be collected over water or mercury. 

This falt is found ready formed on the furface of the earth in 
Egypt, and elfewhere. It is likewife found in the afhes of ma- 
rine plants, but not faturated with acid. To render it perfely 
neutral, it may be direétly combined with the carbonic acid, 
either by agitating it over liquors in fermentation, or by receiving 
the carbonic acid difengaged from chalk, by fulphuric acid. tt 
may likewife be prepared by pouring carbonic acid into a veffel, 
the fides of which have been moiftened with a folution of foda. 
The veflel is covered with a wet bladder, and at the end of a few 
hours the combination is effected. The bladder finks in the vef- 
fel, on account of the vacuum which is formed in it, while the 
falt is depofited in regular cryftals on its fides. 

The carbonat of foda may be employed for the fame ufes as the 
carbonat of potafh ; and as it is much more valuable in the ma. 
nufactories of glafs, foap, &c. an effe€tual method of obtaining 
from marine falt, would be a valuable acquifition to fociety. We 
have feen that litharge, propofed by fome chemifts to produce 
this effect, does not deconipofe the falt; that Scheele has dif- 


‘covered a more evident decompofition of the muriat of foda, by 


lime and iron, with the afliftance of the contaét of the atmo- 
{phere, and the carbonic acid it contains. We fee, that a pro- 
portion of this acid, greater than that which commonly exifts in 
the atmofphere, muft favour this eg toe by acting upon 
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I, SULPHITE OF POFASH. 
A Since the publication of thefe Elements, Fourcroy has more minutely in- 

yeftigated the properties of the different fulphites. This and the following note 

are taken from a tranflation of his memoir in Mr. Nicholfon’s valuable Journal. 

Sulphureous acid gas was paffed into a faturated folution of very pure carbonat 
of potath, until the effervefcence -ceafed entirely. During this combination, a 
{mall quantity of caloric was difengaged, and the folution cryftallized by cooling, 

This falt is ufually white and tranfparent;. fometimes it is flightly yellow and 
femitranfparent, if its {olution has been very concentrated, and the cryftalliza- 
tion confufed. Its tafte is penetrating and fulphureous ; its figure that of a 
rhomboidal plate ; - its cryftallization often prefents fmall needles, diverging from 
a cemmon centre. 

When expofed to a fudden heat, it decrepitates, and lofes its water of cryftalli- 
zation ; afterwards, by ignition, it emits fome vapours of fulphureous acid. At 
length a portion of fulphur is feparated, and the refidue is {ilphat of potath 
with a flight*excefs of alkali. 

By expofure to air, it lightly efflorefces, becomes opake and hard, its pene= 
trating fulphureous tafte difappears, and it acquires another which is acrid and 
bitter.. In this ftate it no longer effervefces with acids. 

if this experiment be made in a clofed:apparatus with oxygen gas, it is found 
that the volume of the gas is diminifhed, and that it is even totally abforbed,. 
when the quantity is properly regulated. We fee, therefore, that the fulphite of 
potafh may be converted into fulphat, by depriving it of a portion of. its fulphur 
by fire, or by introducing a quantity ef oxygen at a low temperature. 

The fulphite of potafh is foluble in a quantity of water nearly equal to its. 
own mafs; and this folubility is increafed by heat. 

This falt is decompofed by lime and barytes, as may be fhown by pouring 
lime-water into a folution of fulphite of potafh. A white precipitate is afforded, . 
which is the fulphite of lime; and the potafh remains difengaged in the water. 

‘The fulphureous acid dots not, therefore, follow the fame laws of affinity 
as the fulphuric acid, fince this laft adheres more ftrongly to potafh than to 
lime. 

The alkalis do not change the nature.of the falpbise of -potath. | 

Among the acids, fome decompofe the fulphite of potath, by feparating the 
falphureous acid; others change its nature without driving off its acid, by af- 
fording'a portion of oxygen, and converting it into fulphuric acid. The firit of 
thefe effects is produced by the fulphuric, muriatic, phofphoric, and fluoric 
acids; the fecond is effected by the nitric and the oxygenated muriatic acids,. 
The acids of borax and of carbon do not occafion any change i in the cold, 

When the fulphuric acid is poured on the fulphite of potafh, a rapid effervet 
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cence takes place, with a crackling noife, at the fame time that much caloricis 
difengaged. 

The nitric acid, on the contrrry, emits red vapours, mixed only with a fmall 

- quantity of fulphureous acid; and the refidue is compofed of a mixture of the 
fulphat and nitrat of potafh. 

The oxygenated muriatic acid mixed with the fulphite of potath immediately 
lofes its fmell, and the fluid is deprived of its fulphureous tafte. 

If the folution of the fulphite of potath, and alfo that of the oxygenated mu- 
riatic acid, be both concentrated, cryftals of the fulphat of potaih are formed 
immediately on the mixture. 

Charcoal converts the fulphite of potafh into the fulphure of potath. Salts 
with bafes of potafh do not decompote this falt. 

Thofe with bafes of foda, except the borat and the carbonat, are decompofed 
by the fulphite of potafh, 

All the other falts, of which the acids are ftronger than fulphureous acid, are 
equally decompofed by the fulphite of potath. 

The fuperoxygenated nitrat and muriat of potath, when heated with the dry 
fulphite of potath, take fire, and are changed into fulphat. 

Several metallic oxyds act upon this falt. Some are entirely reduced to the 
metallic ftate, fuch as the oxyds of gold, filver, and mercury; others are brought 
nearer to that ftate, fuch as thofe of lead, iron, and manganefe, at the maximum 
of oxygenation. There are others which change the nature of the fulphite of 
potafh in an oppofite direétion to that which takes place in the foregoing cafes, 
that is to fay, which convert it into fulphat, by depriving it of a certain quan 
tity of fulphur, with which they form fulphurated oxyds, fuch as the oxyds of 
arfenic and of iron flightly oxydated. But in order that this operation may fuc- 
ceed, it is neceflary to boil thefe fubftances a long time in water, and afterwards 
to add to the folution an acid which occafions a coloured precipitate, at the fame 
time that fulphurated hydrogen gas is emitted. 

All the metallic folutions, except the carbonates, are, decompofed by the ful- 
phite of potafh; and as moft of the metallic fulphites are infoluble, different co- 
loured precipitates are formed, according to the nature of the metal, and its 
ftate of oxydation. See Fournal de! Ecole Polytechnique, p. 445- 


II, SULPHITE OF SODA. 


* ® This falt is white, and perfectly tranfparent ; its figure a four fided prifm, 
two of the fides being very broad, and two narrow, terminating in dihedral py- 
ramids. Its tafte iscool, and afterwards fulphureous, 

Its habitudes in the fire are abfolutely the fame as thofe of the fulphite of pot. 
ath ; except only that it commences its operations by the aqueous fufion. 

By expofure to the air it efMforefces, and is afterwards converted inte fulphat, 
but lefs fpeedily than the fulphite of potath. 

It requires four parts of water for its folution; is more abundantly foluble in 
hot water; and readily cryitallizes by cooling, Barytes, lime, and potath de- 
compofe the fulphite of foda. 

It is infoluble in alcohol. 
- Salts with bafes of potath, except the carbonat, do not decompofe this falt. 
"The other genera decompole it, like the fulphat of potafh. 

Hh iij 


jo 


2 


436 NOTES ON CHAPTER V. 


The metailic oxyds, ia their folutions in athds, have the fame effects with 
the fulphite of foda as with that of potath. tt 
It contains in the roo parts, 18,8 of foda, 32,2 of acid, and so of water, 


is jl]. NITRAT OF POTASH. ‘eh ac 

a The nitrat of potahh is ‘found native in a great variety of fituations. Te India 
and Spain, it appears at certain feafons of the year on the furface of particular 
foils. It has been found on the infide of calcareous caverns in France and Gere 


many. It exifts irregularly cryftallized in the calcareous ftrata of Pulo, a lid a 


in the neighbourhood of Molfetta. 

See Kirwan’s Mineralogy, Vol. TI. p. 25.5 Klaproth’ 5 Beitrige, ante band, 
Si 317 

Of late years, nitre he occupied much of the attention of the French che. 
mifts. Confiderable light has been thrown on the theory of its formation, and 
feveral improvements fuggefted in the various proceffes of its manufacture. | The 
refult of their inquiries and labours on this interefting fubject, are to be found in 
2 memoir drawn up by Cha iptaf, and inferted in the 20th volume of the Annales 
de Chemie. 

A hundred parts in weight of nitrat of potafh, confilt, according to Mr. Kir- 
war, - of 41,2 of nitric acid, 46,15 of potath, and 12,83 3 of the water of compo- 
fition. “The acid, as has been fully proved, ferid from the combination of 
7 parts of oxygen, with 3 of azote. The alkalt is fuppofed to be derived immes 
diately and entirely from the vegetable matter employed in the procefs « of nitri- 


’ fication ; though there is fome reafon to fufpedt, it may in part be formed by the 


developement and fubfequent union of its elementary principles, . We can be at 
no lofs to account for the origin of the water. 

‘The principal circumftances to which it is neceffary to attend in the conftruc- 
‘hes of artificial nitre beds, are, firtt, the choice of materials, Thefe, as Fout- 
cry remarks, are fuch vegetable and animal bodies as are moft fulceptible of de. 
compofition, with a proper admixture of calcareous earth. Though, in the ve- 


getable kingdom, there be a confiderable latitude of choice, yet experience has 


thown, that all vegetables are not equally fuited for the production ef nitre. In 
general, thofe vegetables are to be preferred which are moft eafily decompofed, 
and which feem to contain moft of the elementary principles of that fubftance. Of 


this kind are fome of the poifonous plants, and plants of a ftrong and foetid 


edour, fuch as hemlock, tobacco, lungwort, henbane, cabbage, hoarhound, net- 
tles, &c. The extrac of thefe plants is found, by keeping, to be covered with cry{- 
tals of nitre.. The cruciform and leguminous plants anfwer extremely well for 
the production of nitre. The dry and fibrous parts are of leaft ufe, / 

Among animal fubftances, the foft are to be preferred to the hard, becaufe 
they are more readily decompofed. Herbiverous are in general preferred to car- 
niverous animals. Worms, infects, and reptiles are faid to be capable of be- 
ing refolved almoft entirely into nitre. Blood feems to be the animal fluid 
which affords the greateft quantity of this fubftance. The dung of hens and 
pigeons has always been confidered as extremely productive. That of oxen i 


' faid'to yield lefs than that of fheep. Urine ought to be employed only towards 


the latter tage of the procefs of nitrification, as it favours the production of mu- 
riat of foda. mae purpofe which thefe animal and veget table {ubftances ferve im 


A 
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nitrification is now known. They all give out, during their decompofition, a 
greater or le{s quantity of azote, which, uniting with the oxygen of the atmo- 
fphere, forms the nitric acid. But the prefence of lime, or of fome alkaline 
bafis, is neceflary to fix this acid. When vegetable or animal bodies are mixed 
with filiceous on aluminous earths, little or no nitric is produced ; the acid which 
is faid to be formed being either exhaled into the air, or carried off by the wa. 
ter. The addition of an alkaline fubftance is proper only towards the end of 
the procefs: if added fooner, it retards the Carcm paint of the organic fub- 
ftance. 

The lighteft and moft porous calcareous fubftances are found to anfwer 
bef. Their property of affording nitre is increafed by their containing a quan- 
tity of iron: it is increafed alfo by dividing them minutely, fo as to increatle as 
much as poffible the extent of their furface. It feems to be for the fame reafon 
that calcareous fubftances which contain an admixture of filiceous or aluminous 
earth, or even of chaff, are more productive than the calcareous earths which 
are pure. It is not eafy to determine nor to preferve the juft proportion between 
the earthy bafe and the putrefying principles; it mutt be fuch, however, that all 
the acid formed may be readily combined. Too great a proportion of earth is 
hurtful, not only by its occupying an ufelefs fpace, but alfo by retarding putre- 
factiun. In general (Chaptal fays), the proportion of calcareous earth may vary 
from one-fifth to one-tenth of the volume of the vegetables employed. Befides 
ferving as a bafe to fix the acid, do not calcareous fubftances. difpofe the oxygen 
and the azote to unite, in confequence of the afinité di/pofé 2 

The oxygen gas combines with azote only in the moment of its difengagement 

from animal or vegetable matters, and before it has aflumed the gafeous form. 

In this ftate it has been not unaptly termed, Na/cent azotic gas. A high de~ 
gree of temperature becomes, therefore, improper, becaufe it would caufe the 
azote to affume the gafeous form, and would confequently prevent the formation 
af the acid. A very low temperature is equaliy injurious, becaufe, by retard- 
ing or putting an entire ftop to the decompofition, it prevents the difengagement 
of azotic gas. Experience has fhown, that the temperature fitteft for the pro- 
duction of nitre tics between 75°? and 90° of Fahrenheit. This temperature 
muft refult from the decompofition of the animal and vegetable fubftances, and 
not be merely the effect ofart. It is to be preferved by excluding carefully cur- 
rents of cold air, which would tend to carry off the heat. 

_ An intenfe or ftrong light feems to be very injurious to the production of nitre. 
Befides the effect which it will undoubtedly have of volatilizing the azote, it 
may fairly be queftioned, whether it will not alfo decompofe the nitric acid. 
Saltpetremakers, aware of this pernicious tendency of too ftrong light, have ge- 
nerally chofen a northern expofure for their nitre beds. This expofure has the 

“additional advantage of preferving a more equal temperature. Towards the 
latter ftage of the decompofition, it has been found ufeful to expofe the putrify- 
ing matters to the light. At this period it feems to give new energy to the pro- 
cefs, and to promote greatly the production of nitre. 

In order to produce the combination of the oxygen gas with the azote, it is ne- 
ceflary that thefe two fubitances fhould remain for fome time in contact with 
each other. All currents of air muft, therefore, be unfavourable to the preduc- 
tion of nitre; and hence it is that we find faltpetremakers recommend, that.the 
air fhould be in a ftate of abfolute reft or ftagnation. In order to increafe the 
uface expofed to the air, it isa common practice with fome faltpetremakess to 
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fix ftakes of woad in various directions in the nitre beds. After the mafs has ‘hen 
come dry and a little firm, thefe flakes are withdrawn, that the air may pene~ 
trate every part of the mafs, and. come into contact with as large a furface as 

poflible. The propriety of-occafionally.renewing this air muft be obvious to every | 
one who reflects, that this is the fource from which the oxygenous part of the nitre 
is derived. It becomes neceffary alfo, particularly. in the later periods of the 
procefs, to ftir the mafs, and expofe every part of it to the action of the air. 
Great caution is required not to do this either too early or too often, as it * aps 
t@ retard putrefaction, / ‘ 

Either too great or too {mall a degree of motte’ is equally unfavourable to 
the formation of nitre. In a het and dry atmofphere, the parts of vegetables 
and animals would be diffipated without undergoing the .procefs of putrefadtion, 
‘Too much moifture, on the contrary, might not only retard the putrefaction, 
but might alfo carry off the acid afterit had been formed, Great caution, 
therefore, is neceflary in watering the .nitre beds. ‘The liquids moft proper for 
this purpofe are, the blood of animals, either by itfelf, or dihuted in water, the 
water from dunghills, fewers, &c. Thefe, -befides affording the neceflary degree © 
of moifture, contain much vegetable and animal matter in a ftate aigly mene 
able to the production of nitre. 

* Such are the general principles on which nitre beds are conttrudted’s nat the 
particular fteps of the procefs vary in different countries. ‘Thefe will wiih, beit un« 
_derftood by examples, . 

In Pruffia, five meafures of black vegetable earth, or the earth of fuintaetan 
nean caverns, are mixed with one meafure of unlixiviated afhes and fome ftraw. 
Thefe fubftances beat up with the water of dunghills or fewers, are formed into 
walls or beds of 20 feet long,’ 6 or 7 feet high,-and 3 feet broad at the bafe, de~ 
clining to 2 at the top, Thefe beds are contained in fhallow wooden cafes or 
moulds, and are covered with a thatch of ftraw to protect them from the rain. 
They are moiftened from time to time, and are fit for being lixiviated at wae end 
of a year. ; 

In Malta, they employ the moft porous calcareous earth mixed with ftraw, 
which has been lixiviated. Oblong triangular ypiles are formed of alternate lays 
ers, each half a foot in thicknefs, of this earth and dung. ‘Thefe layers are tery 
minated by a very thin layer of dung, applied loofely with the hand. The bed 
is occafionally fprinkled with mother water of faltpetre, urine, and water from, 
dunghills. As foon as the furface becomes dry, it is turned down, and’ the bed 
moiftened. This becomes fit for lixiviation at the end of three years. During 
the firft year, the beds are every month fprinkled over with the aunt i irre 
lime. 

In Sweden, their beds are raifed on-bricks laid on the earth, On this bafis § is 
placed a layer of mortar, compofed of meadow turf, afhes, lime, and the necef- 
fary quantity of mother water, cr of urine. Over this is placed a layer of ftraw ; 
and thefe layers of ftraw and mortar are continued alternately to the furnmit. 
The beds are defended from the rain, and. moiftened occafionally with urine, 
ftagnant water, &¢. Thefe beds yield nitre at the end of a year, and laft for. 
ten years, The faltpetre i is {wept off every eight days; and after each fweeping, 
the beds are moiftened with weak mother water. The matter remaining at the 

end of ten years forms an excellent manure in the culture of hemp and flax. 

Ip the canton of Appenzel, in Switzerland, they take advantage of the fitua- 
tN, * their itables, on the rapid declivities of their iis sh to form very 
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gretunive: nitre beds. The epfer fide of thefe fquare ftables refts on the moun. 
tain, while the lower is fupported by ftones or piilers of wood, raifed two or 
three feet above the earth, according to the greater or lefs declivity. This 
heaves an interval open to the air between the floor of the ftable and the moun. 
tain. In this place a ditch is dug of about three feet in depth. This ditch is filled 
with very porous earth, which imbibes the urine of the cattle, It is lixiviated 


every two or three years, The earthy refidue is dried in the open air, and res 


turned back into the ditch. In this manner they obtain about @ thoufand pounds 
of faltpetre from an ordinary {table at each lixiviation. 
The earthy part of nitre beds requires to be renewed more or lef frequently 


according to the quantity of calcareous earth which it contains. No particular 


time can be fpecified for the term of putrefaction, the periods of moiftening the 
beds, or the time proper for turning them, The appearance of the beds, and 
the general principles already laid down, can only direct thefe particular fteps, 


which muft vary extremely according to circumftances. The general marks by 


which a bed may be known to contain formuch nitre as to make it worth work- 
ing, are the efflorefcence and cracks on the furface in which. no plants grow, 
Tf fome of the particles of the bed be tafted, they will give a falt tafte, which 
will vary, however, according to the earthy or alkaline bafis, and may therefore 
be mild, acrid, or bitter. ‘The bed muft be afterwards examined to the depth of 
feveral inches, and in different places, in order to afcertain whether the whole be 
nitrified. Another, but more troublefome method, is, to lixiviate a fmall quan- 
tity of the bed, a cubic foot, or yard, for inftance, and from its produce to cale 
culate the value of the whole, 

b Conclufions precifely fimilar to thofe in the text were deduced by Dr. Ru- 
therford, from a variety of moft accurate “ ingenious experiments which he 
made on the decompofition of nitre, 

An account of thefe experiments was read to the Philofophical (now the Royal) 
Society, in this place, fo early as the year 1779. 

It feems worthy of remark, that both Dr. Rutherford and Fourcroy had been 
anticipated for more than a century in fome of their conclufions, by the now juft- 
ly celebrated Mayow. [I fhall content myfelf with fimply quoting the words of 
that great man. , 

* Quanquam autem fpiritus nitri totaliter ab aere non procedit, credendum 
“* tamen eft partem ejus aliquam ab aere oriundam effe. Quippe cum pars nitri 
“ aliqua ab aere ducatur, uti fupra oftenfum eft: fal autem fixum, quo nitrum 
“ ex parte conftat, e terra oriatur; necefle eft ut, quod reliquum eft nitri, fc, 
 fpiritus ejus acidus, igneufque, ex aliqua faltem parte ab aere originem trahat, 
as Quo autem pars fpiritus nitri aereg clarius intelligatur, fequentia breviter pre- 
«* mittenda funt. 

« Primo concedendum effe arbitror, nonnihil, quicquid fit, aereum, ad flam- 
* mam quamcungue conflandam neceffarium effe: id quod experimenta Boyliana 
“ extra dubium pofuerunt; utpote ex quibus conftat, Jucernam accenfam multe 
“ citius in vitro aere vacuo, quam in eodem aere repleto expirare ; indicio mani- 
“ fefto, flammam, vitro inclufam, non tam a propria fuligine, uti nonnullis 
“ vifum eft, fuffocatam, quam pabulo aereo deftitutam, interire: etenim cum in 
“ yitro vacuo plus fpatii fit pro fumo recipiendo, quam in vitro aere impleto, lu« 
“ cerna citius in hoc, quam in illo expiraret, fi ejus extinctio a fumo procederet. 
 Preeterea materia quevis fulphurea in vitro, ex quo aer exhauttus eft, collacata, 
® neque carbone aut ferro ignitis, neque radiis folaribus, fpeculi uftorii ope col- 
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lectis, accendi poteft: ut minime jam dubitandum fit, quin particule queedany 


aerez ad ignem excitandum omnino requiruntur: et utique noftra fert opinio, © 


eas in igne conflando preecipuas partes obtinere ; flammaque formam ab iis, in 


motum perniciflimum concitis, praecipue dependere; uti infra dicetur fufius. - 


At non eft exiftimandum, pabulum igneo-aereum ipfum aerem effe, fed tantum 
partem ejus. magis activam, fubtilemque: quippe lucerna, vitro inclufa exe 
{fpirat, cum tamen copia aeris fatis ampla in eodem continetur: neque enim 
credendum eft, particulas aeris, que in vitro dicto extiterunt, per lucerne 


deflagrationem annihilari ; neque quidem diffipari; cum eedem vitrum iftoc 
‘pertranfire nequeant. Porro neque probabile eft, particulas-iftas igneo-aereas 


nitrum quoddam perfectum effe, uti vulgaris fert opinio; etenim fupra often- 
fum eft, non ipfum nitrum totale, fed tantum partem ejus aliquam in aere re- 
fidere. Ls 

“* Secundo arbitrari fas fit,.particulas aeris igneas, ad flammam quamcunque 
fuftinendam neceflarias, in fal-nitro hofpitari; partemque ejus magis activam, 
igneamque conftituere: quippe annotare eft, nitrum fulphuri, admixtum, in 


' vitro 2ere vacuo, item fubter aquas, fatis prompte deflagare: uti fequenti ex- 


perimento, conftabit; nempe pulvis pyrius minutiffime tritus, cum aquz tan- 
tillo in maffam duriufculum redigatur, qua tubulus quivis, cujus altera extre- 
mitas obturata eft, denfe impleatur, materiam fubinde cum bacillo fortiter 
impellendo ; dein pulvis ifte pyrius in extremitate aperta, atcendatur, tubuluf- 
que inverfus aque immergatur, ibidemque detineatur: ita pulvis pyrius ad to- 
talem fui abfumptionem fubter aquas deflagrabit. Quinetiam pulvis ifte, 
modo predi¢to difpofitus, in vitro, aere vacuo, ardebit: cum tamen ignes alii 
ob pabulum aeris fubductum mox extinguuntur ; indicio fatis manifefto, fal 
nitrum particulas 1 igneo-aeregs, ad flammam conflandam requifitas, in fe con 
tinere, ita ut ad ejus deflagrationem, particulas igneas ab aere fuppeditari 
minime opus fit. “yi 

“* Particulas infuper igneo-aereas in nitro exiftere liquet, quod Geuahin nitro, 
deflagrante excitata, a particulis igneo-aereis, ei innatis, motuque igneo con- 
fertim prorumpentibus, non vero a particulis ejus fulphureis, conflatur, etenim, 
virifimile eft, nitrum particulas fulphureas fibi infitas non habere: neque enim 
Clariffimo D. Willifio affentire poffum, qui in Tractatu de Fermentatione Sulphur. 
nitro copiofe ineffe fatuit: Cujus argumenta precipua funt, ftatim flammam 
concipiet ; idemque in locis, ubi animalium excrementa fulphurea funt, pra- 
fertim generatur. Verum tanti viri pace, nitrum purum putum particulis ful- 


aN 


phureis nequaquam impregnari putayerim: Etenim neque in fpiritu nitri rec-. - 


tificato, neque in fale alcali puro, quicquam fulphuris combuttibilis reperire eft, 
et tamen ex iis utriufque combinatis nitrum conflabitur. Quod vero nitrum, 
eo modo produdctum deflagrabit, non hoc a particulis ejus fulphureis, quas nul- 


Jas continet, fed a particulis igneo-aereis ei infitis, inque motum pernicifimum — 
concitis procedere credendum eft. Quod ex fequentibus magis adhuc manifet. 


tum erit. 

“ Nempe advertere eft, Sal ad-flammam quamcunque conflandam 1 non tan=_ 
tum particulis fulphureis, fed infuper igneo-aereis omnino opus fit, uti jam 
oftenfum eft. Ad materiz cujufque fulphurez accenfionem, requiritur, ut par- 
ticula igneo-aeree ab aere, aut a nitro, ei prius admixto, fuppeditentur: que 


‘ caufa eft, quod fulphur in loco aere vacuo flammam non concipiet, nifi nitrum 


ei admixtum fuerit. E contra vero ad nitri accenfionem non eft opus, ut par- 


ticule igneo-aerex ab extra fuggerantur; utpote quod in locis, a quibus act. 


"hg 


- 


at 
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* proecluditar, fatis Prompte deflagrabit ; verum ad ejus accenfionem omnino re. 

“ quiritur, ut materia aliqua fulphurea ei admifceatur. Etenim fi nitrum in cru- 
“* cibulo ignito injiciatur, idem fiammam non concipiet, fi tamen materia quevis 
“ fulphurea ei prius admixta fuerit, tunc nitrum crucibulo dito injectum, mox 
* in flammam prorumpet. Imo nitrum nulla ratione a flamma candelx, aut ra- 
“ diis folaribys accendi poteft, nifi fulphur ei prius commixtum fuerit: et tamen 


_“ idem nitrum carboni immiffum facile accendetur; hoc autem propterea fit, 


mares particule fulphurez carbonis idem accendunt. Ex quibus gerto conftat, 
* nitrum particulas fulphureas fibi infitas, non habere; que caufa eft, quod ad 
illius deflagrationem particulas fulphureas ab extra fieoadinasi neceffe fit. Un- 
de feqnitur nitrum in flamma ab ipfo excitata, particulas tantum igneo-aereas, 
neutiquam vero fulphureas, quibus prorfus deftituitur, fuppeditare, Et hine 
eft quod flamma nitri valde diverfa fit ab ea, que a materia quavis fulphurea 
deflagrante, excitatur ; quippe materia fulphurea particulis igneo-aeris ab aere 
fuggeitis, nitrum autem particulis igneo-aeris in ipfo confertim agglomeratis, 
agmineque denfifimo erumpentibus deflagrat: unde fit, quod flamma nitri 
maxime impetuofa fit; etenim formam ignis e particulis igneo-aereis precipus 
a ab infra oftendere conabor. 

“ Quod vero nitrum in locis fulphure copiofo imbutis, praecipue icitar, ratio 
ex lis, qua inferius dicentur, conftabit. 

“* Ex guo tra¢tatus hic fcriptus eft, Experimenta Boyliana, nuper edita, ad manus 
“* noftras pervenerunt ; quorum altero oftenditur, quod, dum pulvis pyrius ope vitri 
** uftorii in vitro, aere vacuo, accenditur, flamma non uti alias per totam ejus mo- 
lem propagetur ; fed tantum granula ea, quibus radii folis coacti incidunt, ignem 
concipiant. Ut videatur etiam ad pulveris pyrii accenfiouem aeris acceffum ne- 
“‘\ceffarium effe. Kefpondeo, licet pulvis ifte ope particularum igneo-aerearum 
*t fibi infitarum, in loco aere vacuo, et fubter aquas deflagrabit, aeris tamen ex~- 
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“ terni acceffum pulveris iftius accenfionem haud parum promovere; etenim an- 


“ notandum eft, aerem ob vim, qua pollet, claflicam particulis Pulveris Pyrii 
 fulphureis proxime adjacere, et etiam fortiter premere: unde fit, quod, pulvere 
s* eo in aere libero femel accenfo, partitule nitro-aeree aeris, ad flammam con- 
“ tinuandam nunquam non prefto fint : cum tamen in pulvere pyrio particulz 
“ igneo-aeresz nitri non nifi in granis fingulis, particulis fulphureis intime immif- 
* centur; neque verfus eafdem accenfas feruntur: ita ut flamma pulveris iftius in 
loco aere vacuo ob particularum igneo-nitrofarum feriem interruptam mox ex- 
** tinguatur. WVerum quantum aeris elater ad ignem conflandum conducit, ex iis, 
* que infra dicentur, magis conftabit. 

“ Ex dicts aliquantenus conftare arbitror, nitrum particulas igneo-aereas, ad 
‘© flammam conftituendam requifitas, in fe continere. Quapropter cum nitri pars 
*¢ aliqua ab aere oriatur, et particule aeris ignew in eodem exiftant;. ftatuendum 
“ efle videtur, partem nitri aeream nihil aliud quam particulas ejus igneo-aereas 
& effe. 

“ Jam vero cum pars nitri aerea in fpiritu ejus acido exiftat, non vero in fale 
* fixo, quod reliquam nitri partem conftituit, uti fupra oftendimus; concludere li- 
“ cet, Particulas Igneo-acreas Nitri, que cum parte ejus aerea idem funt, in /pi- 
* ritu nitri reconditas effe, partemque ejus aeream conttituere. 

“© Nempe verifimile eft, fpiritum nitri quid compofitum effe ; illiufque aya 
# Jas alias flexiles, humidas, indolifque craffioris effe; que a materia terreftri 
# procedere videntur; uti infra oftendere conabor; parsiculas vero alias rigidas, 
# ficcas, maximeque fubtiles, agiles, xthereafque, et revera igneas effe, que tamen 


* 
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** particularum falinarum, in ftatu fluido, humidoque exiftentium, confortio obvoe 
** lute, ad motum igneum ineundum theptec funt ; atque has demum ab aere 
** profapiam ducere. 

“ Circa partem ergo fpiritus nitrofi Aeream ftatuimus, eam : athit aliud effe, 
* quam particulas igneo-aereas, quae ad fammam quamcunque conflandam omni- 


no neceflarie funt. Quocirca particulas iftas igneas, aerique communes, parti- | 


* culas nitro-aereas, five fpiritum nitro-aereum in futurum nuncupare liceat.” 

© Nitre, during the firft and fecond boilings, generally lofes about 30 per cent. 
of its weight. It becomes, therefore, an object of fome importance to poffefs a 
fare and eafy teft by which we may judge of the proportion of pure nitre which 


any given quantity of crude may contain, But this fencer, apparently fo ealy, 


js not without its difficulties, . “ 

As the falts which form a part of crude’ ‘nitre vary greatly in the degree of 
their folubility in water, it hasbeen ufual to feparate them by cryftallization, 
according to the method deferibed by Fourcroy. This method of judging of the 
degree of purity of crude nitre is not only tedious, but inaccurate ; for the laft 
portions of the nitre adhere fo ftrongly to the alkaline and earthy muriats, as to 
render the complete feparation almoft impoffible. 

Morveau prepofed to employ a chemical re-agent as.a teft of the. Br of this 
falt. His procefs confifts in pouring as much alcohol on roo drachms of dried 
crude nitre, as is fufficient to diffolve the nitrat and muriat of lime. The falt 
remaining is djffolved in 3 pounds of water; and to this is added a folution of 
nitrat of lead. The muriatic falts and the nitrat of lead mutually exchange 
bafes; and the muriat of lead which is formed, is eafily feparated by ablution 
and filtration. This procefs, however, has not been found to anfwer; for the 
nitrat of potafh and muriat of foda are not abfolutely infoluble in alkohol ; and 
the quantity of muriat of lead obtained from different portions of the fame crude 


“nitre varies from circumftances which it is difficult to difcover. ) 


Baumé propofed to fubftitute the acetite in place of the nitrat of lead. But 


there is in this laft alfo a fource of fallacy. Swlutions of the acetite of lead and 


nitre have a reciprocal action on each other. When they are mixed together, 2 
precipitate is formed, which adds confiderably to the weight of the muriat of 


Jead. This precipitate is, indeed, eafily foluble in water, and may by this 


means be feparated from the muriat of lead. See hie de Phyf. Tom. XLII, 
P- 433- 

Another telt recommended by Rifaut-des-Etre is he employment of a ‘faturated 
folution of nitre in water ; experience having fhown, that water, after having been 
faturated with nitre, was ftill capable of diffolving additions of other neutral 
falts. This teft, though extremely ingenious, and. eafy in its application, is. 


Table to feveral inaccuracies; for if muriat of foda be added ‘to a faturated folu- 


tion of nitrat of potah, the folution will become capable of diffolving an addi- 
tional quantity of nitre. This quantity, however, does not feem to be in propor- 
tion to the muriat of foda. The degree of heat employed to dry the nitre to be 
tried will alfo produce variations in the refult ; for when the earthy falts which, 


are mixed with, and which render the nitre impure, retain the water of their cry 


itallization, they occafién a precipitation rather than a frefh folution of that 
falt. Befides, it is neceffary, for the accuracy of this trial, that the water of folu- 
tion be kept for fome hours precifely at the fame degree of temperature, as nitre 


is more foluble in warm than in cold water. See dun. de Chem. Tom. XI. pe. 


425. 


Yet, even with thefe imperfections, this teft feems to be the moft accurate 
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' 
which has been difcovered. Morveau gives the following account of nue man- 
ner in which it is to be ufed. 

Small pieces are to be taken from different parts of the faltpetre to be tried, 
and bruifed together in an earthen vefiel, fo as to form a homogeneous mafs. The 
teft liquor i is prepared by diffolving as much purified nitre in water as it will diffolve ; 
the temperature of which has been raifed to the boiling point. About a choppin 
‘(French meafure, or 25,230 cubic inches), of this folution is to be poured on 13 

‘ ounces of the bruifed falt, and the mixture well ftirred for 15 minutes with a 
wooden or glafs {patula. The falt is allowed to depofit, and the liquor is then to 
be paffed through a filtre, in order to detain any particles of the falt which may 
be floating in it. Halfthe former quantity of the folution is again to be added to 
the falt, and the mixture ftirred for 15 minutes as before. The whole is now to 
be poured into a large glais funnel, and filtered through paper. When properly 
drained, the filtre is to be taken out with caution, and laid on a double leaf of 
gray paper. The falt is fpread as equally as poflible, and the paper laid to dry on 
a-bed or layer of fome abforbent fubftance, fuch as potafhes, lime, tuffa, or plaf- 
ter. When the falt becomes fo dry as to feparate eafily from the filtre, it is put 
into a glafs veffel, and expofed to the heat of a fand bath till it ceafes to adhere 
to the veffel, or tothe {patula with which it is ftirred. By making the neceffary 
allowances for the imperfections, which feem to be infeparable from this procefs, 
we can in this manner afcertain pretty exactly, the proportion of pure nitre which 
any quantity of crude may contain. See Guyton Ann. de Chem. Sept. 1797, p- 225+ 

In refining the crude faltpetre at the public works in Paris, it was conftantly 

found, that there was a difference between the quantity of pure nitre indicated 
“by the teft, and that actually obtained. This difference was far from being 

fixed ; but, at a medium, it did not feem to be lefs than 5 parts in the 100. 

Lavofier was employed by the Government to difcover the caufe of this de- 

ficiency, and, if poffible, to point out the beft method of obviating it. In re- 
flecting upon this fubject it occurred to him, that this lofs was prebably occa 
fioned by the evaporation of a portion of the nitre during the various boilings it 
is made to undergo in the proceffes of refining. The diflipation of nitre by 
heat, was a fact which had been mentioned by Wallerius, and which had given 
much trouble to Mr. Kirwan in his ufeful experiments on the proportiens of the 
conftituent parts of faline bodies. The conjecture of Lavoifier was foon verified 
by experiment. Five pounds of nitre diffolved in river water were boiled for 

24 hours, care being taken from time to time to replace the water carried off by 

evaporation. Only 4 pounds 8 ounces 3 gros 19 grains remained ; fo that 7 oun- 
ces 4 gros 63 grains had been diffipated during the evaporation. The quantity 
which had difappeared amounts, therefore, to 9 pounds 7 ounces 6 gros in the 

’ quintal. This lofs of nitre was found to be much greater in a ftrong than iv a 

weak folution of nitre. In order to avoid this lofs, Lavoifier propofes to purify 
the crude nitre, by pouring on it from 25 to 30 per cent. of cold water, accord 
ing to the quality of the nitre, and the quantity of mother water which it may 
have contained. The mixture is to be ftirred with rakes, till the nitre is properly 
wathed, when the water is to be drained off. This firft wafhing will carry off 
all the mother water, and a great part of the miuriat of foda. What remains of 
this falt is to be carried off by a fecond wathing, in 35, 40, or 45 per cent. of 
water. By this fimple and unexpenfive procefs, Lavoifier fays, that 55 pounds of 
refined nitre may be obtained from 70 of crude, without any lofs, and in a ftate 
fufficiently pure for all the purpofes of the arts, perhaps even for the fabrication 


/ 
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of fome kinds ef gunpowder. See ens se Ann. i Chem Tom. XV. PB. ie 
Tom. XVI. p. i 

Chaptal has given the following aceouny of the procefs which fs now followed 
in the purification of nitre, in the 41ft volume of the Annales de Chemie. 

The nitre is firft pounded, énd put into tubs in quantities of 500 or 600 pounds, . 
‘Twenty per cent. of water is poured into each tub. The mixture is well ftirre 
and left to digeft for 6 or 7 hours, during which time the water acquires the | 
denfity of between 25 and 35 degrees. This water is now poured off, and 10 
per cent. of frefh water added, which is fuffered to remain only for one hour. — 
Five per cent. of water is now to be poured on, and immediately drawa (Of as 
foon as it has been ftirred. , 

The nitre, when properly drained, is thrown into a boiler, containing 0 pet — 
cent. of boiling water. The folution will mark between 66 and 68 degrees of 
the hydrometer. The folution is next poured into a veflel to cryftallize, where; 
in the courfe of from 4 to 6 houts it depofites about two-thirds of the original 
quantity of nitre. As it is of confequence in the fubfequent dryiig that the 
cryftals fhould bein {mall needles, it becomes neceffary to ftir the folution during . 
the whole time of the depofition. ‘The cryftals formed dre removed with a fkim- 
mer, and thrown into bafkets to drain, and the water which pafles through is 
carefully collected. The. faltpetre is afterwards put into wooden veffels witli 


~ @ouble bottoms, formed in the fhape ef mill hoppers: Tlie upper bottom, which 


is raifed about two inchés above the other, is perforated with a number of fmall ) 
holes, through which the water paffes to the lower bottom, from whith it is 

difcharged by a fingle opening. The faltpetre is wathed in thefe veffels with 
s per cent. of water; dnd this water is afterwards employed in the folution of the 

falt. This faltpetre, well drained and expofed for fome hours to the dir upon 

drying tables, may be ufed for the manufacture of gunpowder, 

This falt may be dried more quickly by a ftove, or by putting it in a flat me- 
tallic veffel. For this purpofe, it miy be put into the veffel to the depth of s or. 
6 inches, and heated to about 135° of Fahrenheit. By ftirring i it in this fituation 
for two or three hours, it lofes its regular form, and puts on the appearance of a 
fine dry fand. This degree of drynefs, however, is not ca it when the gun- 
powder is made by pounding. 

Two faline liquors remain after thefe cpeemttons: tf, The waters from oh 
ing; and, 2dly, Thofe from the cryftalling veffels. The quantity of water em- 
ployed in the three different wafhings, amounts to 3 5 per cent. of the weight of 
of the crude faltpetre. It is employed on the principle, that cold water diffolves 
the muriat of foda, and the earthy nitrats and muriats, together with the co- 
louring principle, but fcarcely attacks the nitrat of potafh. The water from 
thefe three wafhings, therefore, will contain the muriat of foda, the earthy 
falts, the colouring principle, with a {mall quantity of the nitrat of potath. The 
water of the cryftallizing veffels contains a portion of the muriat of foda, the 
earthy falts which efcaped the wafhing, and a quantity of nitrat of potath, moré 
confiderable than that contained in the waters from wathing. The water which 
is employed to wath the crytftals, contains only a fmall quantity of the nitra t of 
potafh. 

Thefe waters are, therefore, very different in their nature. The waters from 
the waQhings form a true mother water. They are to be collected in veffels, and 
treated with potafh by the known Se cea They are ih ach Za to 66 degrees, 


> 
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and the muriat of foda taken out as it is formed. This folution is faturated with 
2 or 3 per cent. of potath, then fuffered to fettle, and afterwards decanted into 
cryftallizing veffels, where 20 per cent. of water is to be added, to keep the 
whole of the muriat of foda fufpended. 

The waters which are thus obtained from the cryftallization of the falts cons 
tained in the mother waters may be mixed with the waters of the firft cry ftalli- 
zation., From thefe the muriat of foda may be feparated by fimple evaporation ; 
and the nitrat of potafh, which they hold in folution, may be afterwards ob. 
tained by cooling. 


Ls 
VY. OXYGENATED MURIAT OF POTASH. a 


a During the combination of the oxygenated muriatic acid with potath, ca-~ 
loric is given out. The falt which is formed appears in quadrangular plates, or 


. needle-like cryftals. It requires 17 parts of water, at the temperature of 60, 


to diflolve one part of this falt; while five parts of boiling water are fufficient to 
diffolve two parts of it. Repeated folutions do not feem to injure its detonating 
property. 

Expofure to light picioe the courfe of 12 months appeared to produce no 
change on this falt, either in a folid or diffolved ftate, as no gas had been difen. 
gaged; and at the end of that period it detonated as ftrongly as before. 

Heat deprives it of its water of cryftallization, and difengages from it a great 
quantity of oxygen gas. Nearly one half of the weight of the falt may be ob- 
tained if the heat be intente. 

The nitric and muriatic acids difengage the detedinha muriatic acid from 
potath. On putting a little of the falt into fulphuric acid, a violent explofion 
with flame is produced, and an elaftic fluid difengaged, which has the fmell of ’ 
nitrous gas. 

Violent explofion with flame was produced by rubbing half a grain of this falt 
with the fame weight of phofphorus. By adding fome fulphuric acid the mix- 
ture was inflamed. 

A {mart ftroke on two grains of this falt with one of charcoal caufed a vivid 
flame, but not a very loud report. 

By rubbing a grain of it with half a grain of fulphur, a very loud report, at- 
tended with flame, and a ftrong fmeil of fulphureous acid, was produced. 

Loud explofion and flame were likewife perceived, on rubbing a grain of it 
with equal weights of the fulphures of potafh or mercury. 

Very flight friction exploded a grain of this falt with half a grain of the ful- 


_ phure of arfenic. 


If a grain of refined fugar be rubbed with two grains of the falt, they give a 
mumber of fucceflive reports. 

Spermaceti oil, olive oil, and the effential oils of rofemary, juniper, cloves, 
carroway, anife-feed, cinnamon, nutmeg, mint, amber, and the effence of lemons, 
all detonate with this falt, and the mixtures take fire on the addition ef the ful- 
phuric acid. Spirit of. turpentine, camphor and rofin likewife produced explo- 
fions on being rubbed with it. Little detonation, ‘however, proceeded from 


# The reference to this note is omitted in page 452. 
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rubbing it with gumarabic and indigo; and Chantal fays, there i is none with 
Pruffian blue. i 

It is fingular, that the nitric acid did not at all affect many of thefe mixtures 
which were inflamed by the fulphuric. For more particular information on chin | 
fubje&, fee Hoyle, Manchefter Memoirs, Vol. V. Part I. p. 22%. 

According to Fourcroy and Vauquelin, the explofions increafe in violence im: 
preportion to the rapidity of the friction, or force of the preffure applied. The 
fame effects, but more ftrongly, are produced, by- ftriking the miztureg am an 
anvil as by rubbing them together. 

Metallic atfenic detonated very ftrongly with the oxygenated muriat of a 
afh. The fulphure of iron by triture inflamed rapidly with it, but did not caufe 
any explofion. 

If the mixtures be jedan up in double paper before they are ftruck with the 
hammer, the explofion produced is more violent. They add, that gunpowder. 
detonated likewife by a violent blow. 

The electric fpark, like concuffion, alfo canfed the mixtures to detonate. — 

Tt would feem, from the experiments of Berthollet, that the acid in combina- 
tion with the gest contains a greater quantity of oxygen than is contained in 
an equal quantity of uncombined acid. When the oxygenated muriatic acid, 
therefore, combines with potafh, he conceives, that ‘a portion of the acid is des 
prived of the oxygen, and forms ordinary muriat of potath; while the other 
portion of the acid, uniting itfelf with its oxygen, forms the oxygenated muriat 
of potafh. Berthollet propofes to extra@t oxygen gas from oxygenated muyriat of. 
potafh, as itis obtained from this fubftance more readily, in greater quantity, 
and of a higher degree of purity, than from any other fubftance. 

Oxygenated muriat of foda is deliquefcent, according to Berthollet. In its 4 
ccehetibboerties it refembles the oxygenated miuriat of potafh. See Fourcroy, 
Mem. de I’ Acad, 1788, p. 369; Fourcroy &? Vauquelin, Annal. de Chemie; 
Tom. XXI. p. 235-; Nichol. Fourn. Vol. J. p. 168. ; Berthollet, Hoes de Phyl 
Tom. XXXIII. p. 217. : ; 


\ 


‘ 
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VI. MURIAT OF SODA. 


4 


‘4 There are two varieties of fal gem, the Zameliar and fibrous: The latter is 
found only in amorphous maffes. It is the lamellar which forms the large ftrata 
, Of fal gem. Thefe ftrata vary greatly in their thicknefs. ‘hey are*generally fe- 
parated from each other by a layer of clay. The colour of the fal gem depends © 
on fome adventitious fubftance. The red colour has been fuppofed to be derived 
from iron, the violet from a {mall portion of the muriat of manganefe, and the 
green from copper. Befides, an admixture of clay, fal gem iin contains. muriat, 
of magnefia, and the muriat and fulphat of lime. 

The quantity of falt contained in fea water varies greatly in different climatess, 
At a medium, however, it is faid to be about one thirtieth of the weight of the 
water. . . te 3 

. Some of the falt fprings contain-more, and others lefs falt than os water. Tn, 
fome places the water of thefe fprings has been faid to contain one Bitte and Of. 
ten one fourth of its own weight of falt, ‘hi 

See Watfon's Chemical Effays, Vol. I. p. 33. 

Kirwan’s Mineralogy, Vol. Il. p. 313 Haffenfrats Ann. de Chem. Tom. XI. 
p. 653 Nicolas Aun. de Chem. Tom. XX. p. 78. 
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’ The falt, formed by {pontaneous evaporation, is ufually called day fait. The 
falt which is obtained by flow evaporation, is alfo purer than that which is form. 
ed by quick boiling. The Dutch falt, in fo great repute for the falting of fith, is 
prepared with a very gentle fire. They add a quantity of four whey to their brine 
before evaporation. The action of this fubftance does not feem to be well un- 


_derftood, though it is faid to conduce to the purity of the falt, and to favour the 


production of large cryftals. The falt obtained by quick evaporation always 
contains more or le(s of the muriat of lime and fulphat of foda. 

© Scheele had obferved, that by expofing a mixture of two parts of the folution 
of fulphat of magnuefia, and one of the muriat offoda, to the temperature of freez- 
ing, fulphat of foda was formed. More lately, Gren remarked, that a fimilar ef. 
fect is produced in fea water expofed to a low temperature, fulphat of foda being 
formed in it by the double decompofition of its muriat of foda and fulphat of 
magnefia. It is remarkable, however, that an increafe of temperature will not 
reproduce the muriat of foda, nor reftore the falts to their former ftate. From 
thefe facts, all muft perceive the difadvantage which will arife from concentrat~ 
ing fea water by freezing, and the propriety of Gren’s important plan of feparate 
ing the deliquefcent falts before evaporation, in the art of {alt making, by chemi- 
cal affinity. 

With this view he directs the addition of fulphat of foda to waters, containtag 
only the muriats of lime and foda, and of lime to thofe which contain the muriat 
of magnefia and fulphat of foda. In the latter inftance, muriat of lime is firft 
formed, which afterwards decompofes the fulphat of foda by double affinity. 

Where the muriat and fulphat of magnefia are prefent without the fulphat of 


- foda, or where the waters contain only the muriats of lime and magnefia, lime 
- and fulphat of foda thould be added at the fame time. 


But if the water contains the fulphat and muriat of magnefia, together with 
the fulphat of foda, lime alone will be neceffary, unlefs the quantity of fulphat of 
foda be infufficient, in which cafe fome of it muft alfo be added. 

‘In any of thefe proceffes, the muriat of foda will be obtained pure, as the ful- 
phat of lime, the only other falt formed, feparates in the form of /ehJot. 

Many advantages are thus gained. The bitter tafte of common falt, occafion- 
ed by the prefence of the fulphats of foda, and magnefia, is prevented ; no mother 
water is formed, and pure muriat of foda alone is obtained on evaporating the 
fluid. Much expenditure of time and fuel is faved in the procefles of evapora- 
tion, and trying the falts, and a pure, not deliqueicent, falt is obtained, capable 
of refifting the impreffion of the air, and of being tranfported without lofs. 

The principal objection to thefe proceffes may arife from the neceffity of pur- 
chafing the fulphat of foda; but the fea water will itfelf in general produce it 
when brought to a temperature below zero; and for this purpofe it will only be 


. seceffary to collect a quantity in the bafons, to be expofed to the cold during the 


winter. We might from this water alfo obtain the fulphats of foda and magnefia 
by adding the fulphat of iron. 

It will even be fou vantageous to purify waters by thefe means, which do 
not contain fulphat ier as the moft unproductive waters will not re- 
guire more than from fifty to feventy-five pounds of fulphat of foda to produce 
\thirty quintals of muriat of foda. 

In following this method it will only be neceffary to siete the component 
parts of the fiuid employed previous to afcertaining what {ubftances fhould he 
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added. Dire& experiment will eafily point out the qnantities which may Lie : 


the moft perfect fuccels. Vid. Ann. de Chem. Tom. XXIV. p. rat. . 

d Lord Dundonald propofes, in the purification of muriat of foda, to take des 
. vantage of the fact, that water, faturated with one falt, will yet diffolve a pore 
tion of another falt. The procefs which he recommends is as follows: Take a 
conical veffel, having a hole in the fmall end, which is to be undermoft, arid 
place it, filled with common falt, in a moderate heat: Saturate a portion of wa- 
ter with this falt, and pour the folution, boiling hot, on the falt in the conical 


veffel. The boiling water will not diffolve any of the common falt, but will dif. — | 


folve the bitter earthy falt which it contains. When the fottstian ceafes to drop 
out of the hole at the bottom of the veffel,; the fame procefs is to be repeated by 
means of frefh portions of the fame parcel of falt, already partly purified, till it'be 

brought to the degree of purity required. Lord Dundonald reckons that three 

- fuch wafhings make the common falt of this country purer than any foreign falt ;_ 
that each wafhing makes it 4} times purer than before; fo that (difregarding 
fractions) after the fecond wafhing it will be 20 times, after the third ox times, 

after the fourth 410 times, and, after the fifth, 1845 times purer than at the firft. 

A procefs founded on the fame principle is followed at Mount Morot in France. 

The water from the wafhing of the common falt is carefully preferved, and the 

’ fulphat of foda which it contains extracted by a new cryftallization. See Dun. 

donald, Edin. Phil. Ti dase Vol. 1. p. 19. 


VII. BORAT OF SODA. 


i 


, ™ ’ ’ 
- le two pieces of this falt are rubbed on each other in the dark, they emit 
“ . 


ong flafhes of light. See Michol/on’s Fournal, Vol. IL. p. 28. 


XI. CARBONAT OF POTASH. 


a Pelletier, from his experiments on the carbonat of potafh infers, that x00 
parts of it confift of 43 of carbonic acid, 17 of water, and 48 of pure alkali. 


b Vegetable alkali often contains a {mall quantity of filiceous earth, which it’ 


is difficult to feparate from it.’ Pelletier obferved, that a white precipitate was 
formed during the combination of the carbonic acid with the alkali. This precipi- | 


‘ 


tate proved to be filex. He propofes to combine Liste with carbonic acid, in — 


order to free it from its filex. 
¢ During its folution in warm water, a portion of the carbonic acid is dine 
ged under the gafeous form. The acid which remains is infufficient to faturate 
the alkali. See Pelletier Annal. de Chem. Tom. XV. p. 23. 
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